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SUMMARY

PROBLEM

Prototype computer-based, multimedia, individualized training
systems have demonstrated that the concept of computer-assisted instruc-
tion/computer-managed instruction (CAI/CMI) is valuable and is directly
applicable to an operational Air Force training environment. Sub-
stantial savings in training times and more efficient utilization of
resources have been demonstrated. However, the prototype systems in- -!
corporated research capabilities which were not essential to effective H
routine support of the majority of Air Force training. The purposes
of this study were (a) to identify those CAI/CMI functiors with the
greatest potential payoff for Air Force training and (b) to develop a
functional specification for a low-cost coriputer-based system.

APPROACH

The anplicability of and requirements for CAI and CM] in various
Air Force trainirg environments werp determined by s5'% n. y ,i potential
user personnel. Cc,'iputer sy-tem architectures were surveyed to
determine candidate system:,s to meet the functional requirements of the
low-cost CAI/CU!. systemi. Alternative terminal hardware devices and
communicatitn systems 'iere sjrveyed, in order to recoiciend an economical
set of input/output devices and com.miunications interface to meet the
functional requiremi-nts of the system. Various computer prograwmiing
languages were analyzecd to identify a language which would be cost
effective for CAU/CHi programming. The CAI/CMI applications software
area was surveyed, to determine the extent to which existing software
might m~eet Air Force training needs.

The initial assumptions used to set the scope of the study were as
follows: the computer, terminals, coiiunications, prograiioing language,
and applications software must be capable of

I. Supporting 50!- students ppr shift, in 1500 hours of instruc-
tion across five courses, with 150 instructional hours of CAI
and with five CuII transactions per student per shift.

2. Providing a proven student progress management approach.

3. Supportin:g the uroduction and evaluation of instructional
naterials for on-line and off-line use.

4. Providing a set of standard reports for various levels of Air
Force instructional personnel, with flexible capability to
retrieve and analyze training performance data for special
purousc reports.

L "
I"



RESULTS

Air Force instructors and supervisory personnel identified a broad
range of functional capabilities in the CAI and CMI areas with potential
payoff for training. A total of 167 functions from seven major CAI/CMI
functional a'eas are recormmended for inclusion in the Air Force low-
cost system.

A survey of central processing units identified a minicomputer con-
figuration as the principal candidate for meeting the functional require-
ments of a dedicated local system. The concept of stand-alone devices
was considered briefly. It becanme obvious that the nmyriad of conbi-
nations could not be dealt with within the scope and tine frame of the
study.

A survey of terminals and corimunications resulted in recoimlenda-
tions for a candidate low-cost student/administrative terminal, a low
resolution graphics terminal with color CAI capability, a high
resolution graphics terminal for CAI, and a management terminal reader/
printer configuration.

The survey of applications software indicated that all of the
recommended functions have been implemented on one or nmre existinq
computer-based instruction systems, demonstrating the teclnical
feasibility of implementing the recommended functions. At the present
time, various computer-based systems present more or less of the
reconriended functions. Some of these existing systems, howe,er, are
iinplemented on large centralized mainframes capable of supporting
satellite operations, and incorporate sophisticated research and
development capabilities that are not essential to routine support of
the majority of Air Force training.
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1.0 INTRODUCTION

Prototype computer-based individualized training systems have
been developed and implemented at a number of Department of Defense
(DOD) and civilian installations. One such training system is the
Advanced !nstructional System (AIS) at Lowry AFB. The results of a
variety of research and developnent (R&D) projects indicate that

1. Application of computer-based instruction (CBI) resulted in
suhstantial savings in training time and more efficient
utilization of resources.

2. An operational training system does not need sophisticated
research capabilities which, although incorporated into pro-
totype systems and required for research, are not essential
to effective support of the'majority of resident technical
training operational requirements.

3. Full and economical exploitation of the demonstrated oper-
ational capabilities of the prototype systems in routine
support of resident training requires additional application
and system refinement.

Iinovations in computer technology have drastically reduiced the
prices of coiouter components and terminals. Consequently, the goals of
computer-based training should be reexamined in the context of 1979
state-of-the-art computer technology.

The present study establishes the requirements for a purely oper-
ational system and integrates those requirements into a system design
based on the best of current computer technology. The principal
objective was to design a co . t-effective system configuration which
would efficiently support the CBI functions identified as having
potential payoff from an operational viewpoint, without including "nice
to have" or "rich" capabilities in support of RD functions. The
products of this study are as follows:

i. An overall syster, specification, delineating a set of
functional requirements for a low cost computer-assisted in-
struction/com11puter-managed instructiovl (CAI/CIHI) systern
(Appendix H).

2. This Technical Report, presenting the assumptions, data
collection methods, analyses, and results related to CAI and
CMI system capabilities, selected system architectures,
coiLrun ication systems, terminal hardware, and proqrauvni ing
languages and software. This report inclUdes the configuration
of an example low-cost CAI/CMI system vWith coh,1,utlnications
e(u i plmen t, terminal hardware, applications programs software.
11nd a langMuage which will satisfy the operationMal requirement..
Within established constraints and assumptions.

S. . . . ... . . . .



2.0 STUDY PLAN

The research plan called for accoriplishment of the followint) majior
tasks:

1. Determine Functional Requirenmnts of Users - survey Air Force
users, analyze survey data, and determine functional require-
ments for a low-cost CAI/C.II system for operational use in Air
Force resident technical traini n1 proqjrarms.

2. Survey Hardware, Software, and Systems - survey availatb e hard-
ware, software, and lannuaqes, and identifv candidates for
central processor units (CPLIs), coimiunicat ions. terlii nals,
software, and lanquaes.

,. Document and Design - write a functional specification and con-
figure an example of a state-of-the-art hardware/
coti1niun i ca ti Oins/tei:i na i s/software sys tern to meet the func t i ona l
requ i remien ts.

Fiqure I illustrates the task flow for this research plan. The
followinq paraqraphs describe procedures for accomplishin9n the taskk:.

In order to provide a framework around which the desitln work ot
this study could proceed, some assumptions were mnade retlardi n the in-
tended uses and environment for the low-cost CAI/C011 System. These
assumptions are as follows:

1. Systein desiqn will be oriented .oward resident technical train-
i no,

2. Sys.tem design will be oriented toward a dodicated local system,
rather than a largroe centralized mainframe-oriented syVs tern or
stand-alone -.i ni systems. A modullar approach to expansion 1 will
be incorporated, to facilitate tradeoffs suci) as tower on-line
students in exchange for heavier CAI usage. i1he effects of
increased loads on memory and mass storage requirewoents will
be considered.

.. Sytem des ion will be tarQeted toward providino operational
CAI,'C11I suLI)port for approximately _00 students per shift. It
is also assumed that: the 500 students are distributed across
five different courses. the five courses account for 1".hO0W
hours of instruction, each stodent averaloes five C011 trans-
actions per shift. not. more than 10". of the students are uszno
CAI at any one timie; not nware than nine admilis trators (in-
structors or supervisory personnel) are on-l ine si mu 1 taneousl.v;
and hatch processin(n is accompli ished off-shift, (i.e., duri no
i'eriods of low or no student CAI *1.CI load).
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3.0 FUHCTIOMAL REQUIREMENTS OF USERS

The initial step toward designing a low-cost CAI/CI4 system was
to determine those computer-provided functions which would be of value
in Air Force training. To this end, the follouing tasks wcre accom-
plished:

1. Preparation of a listing of CA! and CMI functions which could
be provided by a computer-based training system.

2. Preparation of a rating scale with which Air Force users could
estimate payoff potentials for various CAI/CM! functions.

3. Identification of a suitable sample of potential Air Force
users of a low-cost. CAI/CiI systen.

4. Collection of data from the sample of potential users.

5. Analysis of the data.

6. Determination of the CA! and CHI functions which should be pro-
vided by the low-cost system.

3.1 LISTING OF CAI/CMI FUNCTIONS

A comprehensive listing of 184 potential CAI and CIIl functions was
developed, describing those functions which could be incorporated into
a CBI system. This listing was intended to include any technically
feasible functions which could be provided for Air Force training by a
computer based system, and which were not considered to be R&D
functions. The outcome of this effort was a listing of functions in
seven major areas: Student Testing and Evaluation, Student Assignment,
Student Progress Management, Support for Guidance and Counseling, CA!,
Production and Ilaintenance of CI1I Data Base and CAI Materials, and In-
formation and Reports (see Appendix A).

The Appendix A listing of the 184 functions includes the numbering
scheme that is used throughout this report in referring to individual
CAI/CMiI functioos--Roman numerals designate the seven major areas,
followed by lezters and Arabic numbers that designate subcategories and
individual functions.

3.2 PREPARE RATING SCALE AND SURVEY FQPMS V

The 1l4 CAI/C1!I functions were incorporated into survey forms,
with a rating scale intended for use by Air Force zraining and mnanage-
ment personnel in estimating the relative values that the functions '
would have for operational training. The rating scale was oriented
toward the concept uf "payoff potential." The introduction to the
survey forn and the explanation of the rating scale are shown in

110



Appendix 9. The explanation points out that payoff potential for Air

Force training can come from any of the following:

0 Reduced training time - students get through faster.

0 Reduced administrative load on instructors.

0 More efficient use of training resources.

0 Improved quality control over students and/or courseware.

C Improved mmnaqetient/administration of training.

0 Improved courseware development and evaluation processes,

resulting in better instructional materials and reduced develop-
ment times.

The instructions for using the rating scale (Appendix B) asked
partlci,)ants to consider how much each of the functions would be worth
to Air Force training within the context of the participant's duty
assignment, and to assign ratings using the following scale:

I - Very high payoff potential.

- High payoff potential.

3 - Modcrate piyoff Ipotential.

4 - Low payoff lpotential.

S- No ,avoff potential.

- No oilinii ? - thil- fkination'% effect% would be outside my area,
and I cannot es.tinite Its payoff Pu tentia.

Because (of the, lari'e nunber of CAICMI! functions included in the
liisting, two survey forms were prepared. One form included the
functions that were of potential value in the conduct of resident
technical traininq at the instructor level. The second form included
the functions that were of potential value for Air iorce mnanaqers and
5tilrei'vt.•or's--o.j. 11o1'e supervisors, branch chiefs. and training
,adv i sor•,

ih, ins tructor survey for;. asked for ratinýgs on tihe following i te1s
(see Appendix A): '

Cat1io'.y I (Student levsting aind I'val ation), all items except
i telil 1it.

Ct, t eiory 11 (Stude(nt Assinmnilent)'1 all 1 tt-s except item 1I1).

11
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Category III (Student Progress Management), all items.

Category IV (Support for Guidance and Counseling), all items.

Category V (Corputer Aided Instruction), all Items.

Category VI (Production and Maintenance of CM Data OBase and CAI
Materials) all items except item VIC.

Category Vi1 (Information Retrieval and Reports), all iteirs listed
under VIIA. Reports for Instructors.

The supervisor survey forwe asked for ratings on the following item.
(see Appendix A):

Category I (Student testing and Evaluation). items IA, 1B. IC.
and In).

Category II (Student Assignment), Items flA. 113, 1IC, It), IIE,
anl IIF.

Category III (Student Progress Manaqement). items lilA. 111.
11103-5, and IlIC.

Cateqory IV (Support fur Guidance and Counselinq). items IVA and
I VB,

Category V (Compater Assisted Instruction), items VA. V111-,. and
VC.

Categiory V1 (Production and Maintenance of CMI Data Base and CAI
Materials), Items VIAI-, VIB, VIC, Vol1-6, VIE, VI[l-6 and
VIF.

Category VII (Informiation Retrieval and Reports), all items.

Quantities of the survey forms were reproduced for use in the data
collection effort. Participants in the survey marked their responses
directly on their copies of the forms, and identified themselves by duty
position. Names or other specific identification were not required.

3.3 SAMPLING OF POTENTIAL USE'SR

Although the design of the low-Zbst system was to be oriented
principally toward the needs of resident technical trainint, the needs
of other Air Force training programs were also tc be identified. Th i s
would permit documentin•g the extent to which the low-cost systen would
meet the needs of, for example, on-the-job training (OJT), naviqater
trainingn, and field traininq detachmen ts (FTrns). There fore, sampIi1n1(s
of potential users from residdent tcchnical tr, ininq and from ti numbolr
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of other Air Force training programs were identified for inclusion in

the survey of user requirements.

3.3.1 Resident Technical Training Sample

The sample of resident technical training personnel was
drawn from Air Training Command (ATC) Headquarters at Randolph AFB and
from four Air Force Technical Training Centers (TTCs)--Sheppard,
Keesler, Chanute, and Lowry.

During the AIS development contract, courses at the lTCs were

analyzed to identify those which were prime candidates for inclusion
in any expansion of the Air Force's CBI effort. Based on that earlier
analysis, the following courses were included in this survey of user

requirements:

Sheppard TTC

Air Cargo Specialist (3BRB60531)
Disbursement Accounting Specialist (3ABI,'67232)
Faculty Development (3AIR75100-4)

Keesler TTC

Personnel Specialist (3ARR73230)
Ground Radio Equipment Mechanic (3ARR'0434)
Telecommunication System Control Specialist (3A3R30730)
Faculty Development (3AIR75100-4)

Chanute TTC

Aerospace Ground Equipment Repairman (3ABR42335)
Life Support Specialist (3.BR92230)
Airframea Repair Specialist (3ABR42735)

Lowry TTC

Munitions Maintenance Specialist (3ABR46131)
Inventory Manigenlent Supervisor (3ABR64,570-1)
Faculty Development (3AIR75100-1).

Personnel from sever.al other ATC resident technical traininci pro-
ran~s weŽre inc uded in tOe user survey because' of the il iT"vo1venent

with. and kwe1 cdqe of, Air Force computer-based training:

"Ahelppard TTC (users of PLATO)

,vealth (are Sciences

, I1"



Chanute TTC (users of PLATO)

Vehicle Repairman (3ABR47231, 3ABR47232)
Aircraft Pneudraulics (3ABR42334)
Plans and Requirements Division
PLATO Development Group

Lowry TTC (users of AIS)

Inventory Management Specialist (3ACR64530)
Materiel Facilities Specialist (3ABR64531)
Precision Measuring Equipment Specialist (3ABR3?430)
Weapons Mechanic (3ASR46230).,

The Air Force memoranda requesting the TTCs' participation in the
survey of user needs requested "...cooperation in the Feasibility Stud)y
Survey of the following individuals/agencies involved with conduct of
the above courses:

1. The Deputy Commander for Training
2. The Training Advisor
3. The Technical Training Group Commander(s)
4. The Chief, Plans/Requirements Division
5. The Chief, Branch Curriculum Developr, ent Unit

-Resident Course Representatives
-Nonresident Course Representatives
-Instructor and Course Evaluation (IM) Representatives

6. Course Supervisors of the above Courses
7. Ten Instructors from each of the above Courses."

The participation of personnel from Technical Training (TT) and
Plans (XP), HQ ATC Randolph AFB, was also requested. These staff
agencies are respcnsibe for planning, progranninc, administering, and
managing ATC technical training at the ATC Headquarters level.

3.3.2 Other Air Force Training Sample

The following instructors and supervisors from tr3ining
prograrns other than resident technical training %ere identified for in-
clusion in the survey of user requirements:

1. FTj)IOJT instructors and supervisors fron Sheppard, Mather, and
Davis ?Monthan AFBs.

2. Proqr3m managers and staff personnel from Air University.

3. Staff personnel from HQ ATC (DO)), Randolph AFB (pilot training).

14



4. Instructors and staff personnel from Undergraduate Navigator
Training (UNT), Mather AFB.

3.4 DATA COLLECTION

The iiecessary survey data were collected at each of the sites
identified as part of the user survey sampling. The preferred pro-
cedure, observed wherever the participatine personnel could accommodate
the demands on their time, was as follows:

1. A group of Air Force participants gathered for a 30-ninute
briefing which explained the purposes of the survey and the
meanings if CAI, CMI. and other special terms used in the
survey for'ns.

2. Survey forms were distributed to the particirants.

3. Participants cc .letrd the survey formrn.

4. The sur'iey forms were collected.

The total ti.ne required for this procedure averisqed approximately
2 hours. Personnel who could not stay !or the entire session were
permitted to take their survey forms with :hem tc be comoleteJ later.
In these cases, a representative was designated to collect the forrs.
Some Lowry TTC personnel were already familiar with AIS comouter-based
training, and the briefing was omitteJ. Using these proced'ires, the
rate of return for s'jry-ey fcri. was better that. 96.

For senme training procrars. other than resident technical training.
"tho survey forms were no't deemed aproorlate. In these ca.es. the
participants were interviewed to detergin', their perticular functional
requirements For a cotputer-bLa.ed tralninc' %yt1..

3.5 DA'1•V 'ILYSIS PRCCED.JFES

"li'e r-ýpcslxrs• (1ati--:,atintjs oF .)asoFf r,-te.•t-al ro Ih. A,'C'-ll

f-mctions extra-ted fro.g the cc',-IetdJ sur'Cey for.v--veer: enteroc ia-t.
the A" co;.:'utrr. Then, for Ž.:. ;ttn, in. the 'i-.t~nj of functions,
,ieani payoff r•.,-irs and distributicns it ratings by grmupinjs of rc-
;pindetits w,'re derived. T-.e greup•nq of i:rlnci~al in.ierLrs for :Ihc
.esig;r, philse of tViS StU(dy WaS "alI ATC res; ie.it 6,'chuical trair-inj

ki•Žss'Idents. " G-o;:pinqs of ATC respande.,t_ inv-lved w'thi 1raining I-ro-
'.rcutrs Ct.,r tha:a ,esidErt t•;chical tra~ninS were of interes. i:,
deoeriuinrng t:,e extent ta which thz low-cost system Yould be able tL
,.ýeet the needs of other types ef Air Force trainrilig.

The ,d'-cWiCUb ,-Ups i:cl udeLt i:, t•-c survey JiV t-td in siz2,
t n~jti ;i~ fr,,• I to Z.3 oarticip.nt; oer ar~dj. It wa, Issur".2d t'lit III
i0 'o F.S •wŽ of equal importance anid shciuld CoI rstl:.CtL equai0 y "c '1C

'I ,



nvan payoff r-iting1S. Therefcrý, rim~s wi.,re ierivcd for each function
by iieraglng tie xeins fr37, each 9ro,.- enteror.g into toe atialysis.
fibus, the size of a srou..di-' no:t oieterr~ne thiat 9rcup's contrioutioll
to thc everal1 nedn rit~ngs.

3.5 :Er141ATM0N OF r-jNCTTOrKAL R~EC'IP.D3cIZI

Th isvr ratings of -:,e CA!1'c?1: furctiorns and ti-,- systt- ini,).AZLS
of -.hose func~ions were two prinv? con!:iJ!-rt'!ons in de~~i~tl tL'
fmictiaJn41 recuir'e'v'ts for thi- lcyr-cost systemi. The end proi.wjt vlas
a listing of Coll/CM! functioflil req'iirtmnerts p1j% a receinend3tion for
cbL1h !unction that iý. ýý vther retained as a functiz~n to be provioeý.
by the Icw-cust sys-:cr ar elim~iln3ted fro.-J ".rther :o;-siderition.

3.t'.1 Results Fromr R.ý%.dent 7cchnize.' Tr3iysi1v

.4 tnt~al Df "6, pirsonnel it~vo~vt-:.: in resident techn.call
t.raininq :o.,qIpeted furiis for the surviey ef iser functional requirelvilts.
The listr.Lution of participants is shown in Ti,)l.' 1.

The r~2%ilts fr:,. tnv surv~ey of ATC rt.~sb.ent teŽchnical trJr.in;
Drogra~ts iro' show-r ii Appenldixes C and -,. Aj,,endi.x C liiýst the.
f inctiens in the order in~ uhih they appearc'1 oni the s%.rvey fto.ru and
indicates th meen payoff r,,tirrgs ant.h t.-.e iystei, Iir~.cts (fl.n~.eded
and testi.Iiated CPU ~.sage) for each of the fun~tio-is. f.pjw~ndix V. li%ts.,
the, finct1cns it% ir~ler of jvvrar;e e-t-nmc payoff. aid includes the
Jistributicn of ratinq,s given L.o the fu~vction;. by th,, %uricy iarticil-
panxs.

The itser stfvey re%,ults can Iv sum~irtl-ed as ro-llows:

1. 11i, raLinqs of the 13, fun:tionis raittle "rxn- ti-e hieqhest-
"rated item~ (rý_la- Test ltr'n Alternatives '¶i!,sec by Mor- Thian

7~~of Students' w~th L. -.~ear ratino of 2.07, t,: the lowe'st-
rated i tEm (S' uden~s Select Vetire4 _"ternate ý;-dule A-siqn-
m.ents) w.ith a riear rati .9 .f 3.71.

2.Of thec 131 listee functions, fl r,ýcivcd otverage r~tings
!)etter Zhin 2.50, and 115 received rierale ratings less than
2.50) but "Ivctter less 3.CO. O)nly .1 of the futnctions rated
worse than 3.00 (moderate DaYoff).

3. Eighty-twv of the function~s were r~.ted I ('very high payoff) or
2 (high payoff) by 50'ý or more of the 263 participants.

4. Even the lowest-rated functions (Students Selert Alternatives,
and Heuristics Rules For Assignment Selection) werc r~ited hiqh
or very hiqh payoff by mrne than 7-1 of the participants.



TABLE 1. RESIDENT TECHNICAL TRAINING PROGRAMS AND
NUMBERS OF PEOPLE SURVEYED

LOCATION!PROGRAM INSTRUCTORS SUPERVIS.ORS TOTALS

SHLPPARD TTC

Air Cargo Specialist 9 8
Disburset..eit Accountinq 3 5
Faculty Development 11 10
Health Care Sciences 9 l(I

Total 65

KEESLER TTC

Ground Radio Repairman 7 7
Personnel Specia'ist 9 6
Faculty Development - 4
Telecommunication Specialist 5 4

Total 42

CHANUTE TTC

AGE Repairman 8 15
Vehicle Repairman 15 3
Life Support Specialist 4 7
Aircraft Pneudraulics 10 3
Airframe Repair Specialist 5 4
Plans and Requirements Div. - 6
PLATO Development Group 4

Total 84

LOWRY TTC

Inventory Management 9 1
Materiel Facilities 6 -

Precision Measurement Equip. 155
Inventory Mgt. Specialist 5 -
Munitions Maint. Specialist - 4
Weapons Mechanic 5 4
Faculty Development 3 6

Total b3

RANDOLPH AFL (11Q ATC)

Technical Training (TT) - 11
Plans (XP) 3

Total 14
------------------------------------------------------------------------

SOT AtS . 1 3,i 130 260
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5. The highest-rated functions (Flag Alternatives Missed By More
Than 70'%), was rated no payoff by only one of the participants.

6. The numbers of X (don't know) responses ranged from 4 (for On
Line Test 0apabilities) to ý. (for CAI Authoring Editor
Automatically Structures Seqjencing Of Frames).

Me3n ratings and currelations between ratings from the various
resident training organizations involved are shown in Table 2. The
overall meao ratings range from 2.91 (slightly better tharn moderate
payoff average for the 184 tunctions) at Lowry up to 2.48 (midway
between moderate and high payoff) at Keesler. The correlations are all
positive and range from 0.30 for Lowry/Randolph up to 0.78 for Sheppard/
Keesler. There is moderate agreement between organizations in their
ratinus of the functions and quite close correspondence between organ-
izations in their overall mean ratings. In other words, the organ-
izations showed moderate aqreeient as to which functions were most, and
least, important, and agreed rather closely as to the potential payoff
of CAI/CMI for their particular training operations.

TA•IF 2. MEAN RATINGS FROM RESIDENT TRAINING ORGANIZATIONS
AND CORRELATIONS BETWEEN ORGANIZATIONS

LOCAl 16N MEAN CORRELATIONS
RATING KEESLER CHANUTE LOWRY RANDOLPH

SHEPPARD 2.50 .78 .57 .41 .39

KEESLER 2.48 .43 .36 .44

CHANUTL 2.62 .63 .33

LOWRY 2.91 .30

RANDOLPH 2.78

Mean ratings from personnel with and without CBI experience at
Lowry and at Chanute are shown in Table 3. These comparisons are of
interest in determining if experience with CBI results in any overall
cnange in how the payoffs of CAI/CMI functions are viewed. At Lowry
TTC, the average rating from personnel in AIS co-ses was 2.70, some-
what better than the 3.13 average for personnel in the non-PLATO
courses. At Chanute, the overall mean rating from personnel in PLATO
courses was 2.37, somewhat better than the overall mean of 2.58 from
personnel in the non-PLATO courses. It appears that experience with CBI
did not markedly affect the mean ratings of CAI/CMI functions.
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TABLE 3. MEAN RATINGS FROM PERSONNEL ASSOCIATED WITH
COMPUTER-BASED AND NON-COMPUTER-BASED COURSES

WRY TTC

AIS COURSES MEAN NON-AIS COURSES MEAN

ventory Management 2.88 Inventory Mgt. Supvr. 3.46

teriel Facilities 2.51 Munitions Maintenance 3,.25

Secis, Meas. Equip. 2.89 Faculty Development 2.69

Sapons Mechanic 2.52

Overall Means 2.70 3.13

IANUTE TTC

PLATO COURSES MEAN NON-PLATO COURSES MEAN

!hicle Repairman 3.06 AGE Repairman 2.45

ieudraulics 2.63 Life Support 2.58
.ATO Devel. Group 1.41 Airfranm Repair 2.70

Overall Means 2.37 2.58

The last item on the survey forms asked participants to list any
Jditional functions that should be provided by a computer-based train-
ng system. There were 57 participants who responded to this
jestion. Most of the responses added more detail to already-listed
unctions, or coiimented (positively or negatively) on the survey and on
BI. The substantive suggestions for additional functions, and the sub-
equent actions taken, a-e as follows:

1. System to adjust the honor graduate score to keep within the
10%, ATC requirement - Action: to be included in the low-cost
system specificatiri.

2. System to provioe a data base to handle credit in the
Couvuunity Colleqe of the Air Force (CCAF) for courses
completed - Action: not to be included in low-cost system.
because of potential interface problems, and beciuse 'the
low-cost system is to le a local system.

-S. Systei to provide dial-up conversational capabilittv between
termi nallS, for" student-instructor interactions - Action: nit.ot t
to be inclIUded in low-cost system. betcause of likelihoo)d of
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misuse and because the initial low-cost system, is oriented
toward local resident technical training use, rather than
terminals distributed at remote locations.

4. System to assion instructors automatically, within the course,
based on qualifications, availability, etc. - Action: not to
be included because of unfavorable institutional chance
aspects and overlap with other Air Force personnel management
S ys teros.

5. System to assion graduating students to duty stations, based
on student proficiencies/deficiencies and on duty station
requirements - Action: not to be included, because of unfavor-
able institutional change aspects and overlap with other
personnel management systems.

[\amination of the survey results leads to the conclusion that all
f the (AI/CMI functions are of some potential value to resident
echnical traininci. Furthermore, esti:nates of payoff potential range
long a continuum, wi thout clear separation points, from low payoff up
o high payoff. The moderate correlations between organizations suggest
'verse tralning needs -- i.e., the subset of functions with the great-
st payoff potential for one ATC organization is riot the subset with
reatest potential for- another organization. The system impact
stimates shown in Appendix C indicate that file requirements and CPU
imes are determined principally by inclusion or omission of major

,roups of functions, not by inclusion or omission of a few functions
rom within a major group. Therefore, even though specific functional

•equirenents differ from program to program, it may be most practical
o provide a system which has all desired capabilities and allow the
,rograms to use those functions they want and ignore otheos.

As the final step in the analysis of functional requirements for
kTC resident technical training, AIS experience and lessons learned
iere applied in determining the final list of CAI/CMI functions to
:nter into the system analysis for the low-cost system. The functions
:hat were dropped from further consideration, and the rationales for
)mitting these functions from the low-cost system, are listed in Table
1. Tie retained functions enter into the system analysis and uesign
1hase of this study.
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TABLE 4. FUNCTIONS OMITTED FROM THE LOW-COST

SYSTEM SPECIFICATION, AND RATIONALES FOR OMISSIONS

* FUNCTION (Complete Statements are in Appendix A)/RATIONALE FOR OMISSION

1. IA2 STUDENT TESTING AND EVALUATION - CORRECT SCORE FOR GUESSING/
Rated low in survey of Air Force needs, not viewed as
educationally important by ATC personnel.

2. IA3 STUDENT TESTING AND EVALUATION-WEIGHT QUESTIONS DIFFERENTIALLY/
Not practical, in Air Force courses, to determine the weicht-
ings. Requires subjective judgements from subject matter
experts, or requires a large amount of performance data
collected within the course and from the field, with tieK,-
consuming data analyses and interpretations to relate
responses with field performance. The demand on course
personnel to accomplish these tasks is not worthwhile, in
terms of educational benefits.

3. IA6 STUDENT TESTING AND EVALUATION-PASS SPECIFIC QUESTIONS/
Rated low by ATC personrnel, viewed as low payoff. Determin-
ing critical "must an•swer" questions requires subjective
judgements by course personnel, supplemented with data
collection and analyses ta validate the decisions. The ed-
ucational returns will not justify the demands on ATC course
personnel.

4. IB4 STUDENT TESTING AND EVALUATION-ON-LINE CINSTRUCTED RESPONSES/
The costs of software development for this capability, and
th2 demands miade on authors, outweigh the educatienal gains
that can be expected in ATC resident technical training.
Authors are required to specify, in great detail, alIJWdble
alternate spellings, alternate orderinns of words, etc.
Only after careful observations of student responses can an
author determine that the correct answers are all treated as
correct and that all the incorrect answers are scored as
incorrect.

5. IB6 STUDENT TESTING AND EVALUATION ON-LI*IE, ADAPTIVE CN COURSE
PERFORi4ANC U/

T.o difficult for authors to define the adaptatibn to be
usý.d. Requires data, and analyses, to relate student
perforniance on other lessons -in the course to "what sheuld
be done at this step in this-test?" The nt-cessary analyses
and interpret-ztions are, pr.octically, not cost effective
in tTC resident technical trairing

6. I IS5 STUDIJT ASS!GNrVENT-ORCER SELECTED EY INSTRUCTOR/
This capability, if provided, would impose on instrlLctrs
the task of determinilg the sequence in which each student
shouhl take the course lessons. It is more practical to
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TABLE 4. (Continued)

have the system i-•ake assignments based on criteria deter-
mined by the Branch, with instructors overriding for
exceptional cases.

7. IICI STUDENT ASSIGNMENT-INSTRUCTOR ASSIGNS ALTERNATES/
As for the preceding item, the instructor is freed of routine
if the system makes the assignments to alternates, with the
instructor overriding for exceptional cases.

J. IIC2 STU.WNT ASSIGNMENT-STUrZNT SELECTS DESIRE:) ALTERNATES,'
Rated very low by ATC--instructional payoff is believed to be
quite small. Omittirg this function still leaves the in-
structors free to override, so that a stuJdent who can con-
vince an instructor to intervene may take any desired
alternate.

9. IIIB5 STUDENT PROGRESS MANAGEMENT-GRADUATES: SCHEDULE OUT-
PROCESSING/
The system will flag those students who are to graduate
during some designated time period. !lowever, the problems
of interfacing with all of 0-.e organizations involved in out-
processing students is outside the scope of the low-cost
system effort.

1G. IIIC6 STUDENT PROGRESS MANAGEMENT-KANlAGEMENT TARGETS RELATIVE TO
PLAN OF INSTRUCTICN LENGTH/
Average course length is more inmmediately related to
curriculum changes than is Plan of Instruction length.
Therefore, management functions which are relative to
average course length will reflect shortened er lengthened
curricula snoner than if relative to Plan of Instruction
length.

11. VB4 COMPUTER-AIDED INSTRUCT ION (CAI)-T'OUZH PANEL OR LIGHT PEN/
Rated low by ATC personnel. Seldom needed for student use.
Principal value is in preparation of graphics displays for
CAi lessons. This will he accomplished at a graphics
terminal, in the low-cost system, rather than. at a student
interactive terminal.

12. VIIGI INFORMATION RETRIEVAL ANID REPCRTS-PRESERVICE EDUCATIlqr, VOC.
TRNG., TO ?VýKE FORECASTS OF FIELD PERFORMANCE!
Difficult to derive predictions based on pre-service
vocational education data. Good predictions would require,
for each course, a sufficient data base from which to derive
reasonably accurate regression equations or heuristic rules,
and the skill and time to perform and interpret the analyses.
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TABLE 4. (Concluded)

13. VIIG2 INFORMATION RETRIEVAL AND REPORTS-PRESERVICE OCCUPATION AND
JOB EXPERIENCE TO MAKE FORECASTS OF FIELD PERFORMANCE/

Rationale for omission, same as for VIIGI above.

14. VIIG3 INFORMATION RETRIEVAL AND REPORTS-AF PERSONNEL RECORDS DATA
(ASVAB, ETC.) TO MAKE FORECASTS OF FIELD PERFORMANCE/

Rationale for omission, same as for VIIGI above.

15. VIIG5 INFORMATION RETRIEVAL AND REPORTS-SPECIALTY-RELATED
DEFICIENCIFS TO MAKE FORECASTS OF FIELO PERFORkMANCE/

Rationale for onission, same as for VIIG1 above.

16. VIIG6 INFORMATION RETRIEVAL AND REPORTS-PREDICT STUDENTS'
ADAPTABILITY, PERFORMANCE, AND PROGRESSION IN OPERATIONAL
FIELD ASSIGNMENTS/

Rationale for omission, sane as for ViIGl above.

NOTE: Of the VIIG set of functions (Perfornance Forecast Reports to the
Field), ViIG4 will be provided by the low-cost system - Reports
to the field based on in-service training perfo•i-ance data.

17, VIIHi SPECIAL REPORTS-BASIC DATA RETRIEVAL, BKGD/
Dropped in favor of the hiq,.lher-rated Interactive
Retrieval With Statistics (VII13).

18. VIIH2 SPECIAL REPORTS-INTERACTIVE RETRIEVAL/
Dropped in fa•vor of the higher-rated Interactive
Retrieval With Statistics (VII13).
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3.6.2 Results from Other Air lorce Training Programs

In addition to surveying ATC resident technical training
requirements, other Air Force training programs were also incltled.
The additional programs, and numbers of participants, are listed in
Table 5. As described earlier (Section 3.4.1) and as indicated below,
data were collected using survey forms and by interviews in which the
survey form served as a guide.

TABLE 5. ADDITIONAL PROGRAMS INCLUDFO IN SURVEY, AND
NUMBERS OF PARTICIPANTS

INSTRUCTORS SUPERVISORS
FIELD TRAINING DETACHMENTS & ON-
THE-JOB TRAINING--SHEPPArD,
,1ATIER, & DAVIS MONTHAN AFBs

Survey Forms 23 9

Interviews 2 5

AIR UNIVERSITY

Survey Forms - 11

EXTENSION COURSE INSTITUTE

Interviews -

HQ ATC (DO), RANDOLPH AFB
(Pilot Training)*

Survey Forms - 1

MATHER AFB (Undergraduate
Navigator Training)

Survey Forms 2 5

Interviews 6 11

TOTALS 33 W

* Explicit definition of the coniputer-based functions required by
Flight Training is given in Data Automation Requirement DAR A78-2,
Time Related Instructional Management for Pilot Training, Air
Training Zommand, 29 June 1978.
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Re~sults from the survey forms are tabulated in Appendix E. The
mean ratings and the correlations between ratings frmn the various pro-
oranis are shown in Table 6. Resident technical training is also
included in Table 6 for purposes of comparison.

TABLE 6. MEAN RATINGS AND CORRELATIONS I-OR VARIOUS
AIR FORCE TRAINING PROGRAMS

OVERALL CORRELAT IONS
MEAN

PROGRAMW RATINGS UNI PT Ali RES--

OJT/FTD 2.92 .25 .04 .34 .37
[IN T wlb .73 .011 .13

P1 .3.09 .b -.08

AU 3.31 .5~1

RLS . L

On-The-Job Tra iningi/U icl d Tra ini ng fetac hnk~nts (0JT1/TD) , Under-
graduate Naviqator Training (UINI ), Pilot. iraininti (P ) , and Air
University (ALl). Resident T-lhnical lraining (RL 5) is included for
Comparcison.

The overal11 mean of the rat.i ngs from res ident techliii1ca' -aminill'
is 2.tli2 -- between High (2.0) and Moderate (3.0) payoff. "iv mean
ratinn trom IINI is down only sI iqhtly \'2.t0) , fol loweilý Lw JT/ETI)
(;).92), PT (3.09), and ALl (3.31). These oither Air I orci? triiningl pro-
grams do see payoff potential in the CA I/CM1 functions, but not as 11ukch
potential as in resident technical tra i niln. lilt- Correlations indicate
some commona~liciity amonng the needs of OJT/ F T , All, and res ident technlical
traminin (correlations of .34, .37. and .51l) . lherce is also Consider-
able coninonality between navigator training and pilot training
(Corla__lti0m (If .73).

The notes fromt the interviews were analyzed, and the results are
shown in Appendi x I . 13ecatiso the survey torcm served as a (W ide for the
iiiterv iews , the ces pot os fall into the se'ven cd tegiocit's used oil thet
SillVey fOrml bUt do not corre1Sp)ond e'Xactly to the wordi ngs useýd ill the
Snrvey. IEach funlctionl listed in Appendix Iwas cateoci zried as either
(a ) al1ready provided by the i uric tions 1 ist!pd onl t he survey fociii, (W)~
al1ready prov i ded by the survey form functions hut regu ir in mui nor
lk~d if ict ionl to adap~t tromn1 residenlt tvechllik~.al I r in i ug ( for e'xamlpl e
ret -elcnc iri test it ems to Carceer m' oley 1opmien Courlse vol niles" finstevad of
to res ident training 1 es sons , or. (c ) not pro vi ded by thev liurVey f~orm1
functions . These ca tegtories2 are al1so i nd icati d ini Appenid ix i



4.0 HARDWARE SURVEYS AND ANALYSES

To provide a framework for configuring a low-cost system, the
following training scenario and design goals were established:

1. Approximately 500 students per shift, enrolled in five courses.

2. Not more than 10% of the students using CAI at any one time.

3. An average of five CMI interactions per student per shift.

4. Not more than ten administrative personnel on-line at any
one time.

5. Productive response times as follows:

a. less than or equal to 1 second average response time for
simple operations.

b. less than or equal to 3 seconds average response time for
more complex operations.

The training scenario and design goals suggest a probable price

range (1979) of $500,000 to $600,000 for mainframe, peripherals,
terminals, and associated support hardware.

Surveys of hardware were restricted to selected equipment items in
the areas of full size and minicomputer mainframes and peripherals, data
processing equipment, terminals, and related communication systems.
Equipment was evaluated as to its potential for application in the low-
cost system. The survey methods included reviews of literature, trips
to remote sites to consider classes of equipment or specific hardware,
and visits to trade shows and seminars. The DataPro Research Corp.
(1978) and other surveys furnished preliminary reviews of equipment
manufacturers' specifications on computer mainframes and peripherals,
terminals, communications systems, and software.

4.1 CANDIDATL CPU ARCHITECTURES

The purpose of this portion of the study was to analyze existing
computing architectures and to identify one which would provide a cost
effective approach to supporting ATC resident technical training pro-
grams. To accomplish the initial investigation tasks, current pub-
lications on existing computing architectures were examined. Then,
considering functional capabilities and acquisition costs, a number of
existing computer architectures w.re selected as an initial set of can-
didate CPUs for more detailed investigation. Data on the efficiencies
of each of the systems were analyzed to determine the beet performing
CPUs. Then, the criteria of software quality and reliability, hardware
reliability, and effectiveness of maintenance service were considered

I
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as additional evaluation factors.

Within the framework of the training scenario, design goals, and
evaluation factors described above, many large-scale and super computecs
could fulfill the functional requirements. However, the CPU and input/
output (I/O) power they provide are not necessary in this application,
and the costs of such machines are above the expected price range. Many
smaller-scale computers are priced attractively, but do not provide the
necessary power.

In evaluating candidate architectures, millions of operations per
second (MOPS) was used as the unit of measurement, rather than millions
of instructions per second (MIPS), because the MIPS rating can be mis-
leading. Machine 1 may have a higher MIPS rate than machine 2, but it
may take machine I more instructions to do a given amount of work.
Machine 2 could actually have a MIPS rate that is less than machine I
and yet accomplish an entity of worki in a shorter period of time.

A MOPS figure of O.15 (150,000 operations per second) and an 1/0
rate of 24.0 (24 million bits per second) were established as minimums
needed to meet the functional requirements for the low-cost system.
These figures were arrived at in the following manner. In the current
AIS system, the hardware proviGes functional capabilities that are much
in line with the training scenario and desiijn goals described. On the
current AIS there are, normally. approximately 500 students, approvi-
nmktely 50 on-line terminals (including CMI terminals), and response
times similar to those given previously. Therefore, the capabilities of
the current AIS system are known. The CDC 6400 (equivalent to the AIS
Cyber 73) which was •,;lected as the benchmark system, yielded MOPS
0.17 and 1/0 rate = 24.0. For adequate performance in the low-cost
system, a MIOPS figure of 0.15 and an I/O rate of 24.0 were determined
to be riinimutms below which unacceptable degradation of performince would
result.

After evaluatinq the candidate CPUs. the Pigital Equipment Corp.
(DEC) VAX 11/780 was selected for purposes of developinq a system desiIn
and cost analysis for the low-cost CAI/CMI system. Although this is not
the only CPU that will meet the functional requirements for the low-cost
system, the VAX 11/7,10 serves as the example CPU in subsequent sections
of this study.

If the functional capabilities required of the low-cost systeri were
reduced, som;,e corresponding decrease in computino power (and in (TPV
cost) could be realized. For example, if it were desired to support the
saMe students but %.:ith terminal respoinse tines of 10 se'cond, instead of
the faster timTes assumIed as Qoals for the low-cost systen, then a l'r,
capable CPU coulld be chosen. It should be kept in :mind, however, that
the mainfrane represents only about 15' of the cost of the systemr. R~e-
ducilIq the computational capabilitv of the sys teM would reduce the (O t.
but the responsivene"s of the systerm would also be reduced. For these



reasons, it is more cost effective to choose a system which will yield
the higher level of productivity at a small increase in cost. The
terminals represent about W. of the cost of the system. Major cost
reductions can only be achieved by eliminating major areas of
capability (CAl or CMI, for example), thereby reducing the cost for
terminals.

4.2 SURVEY OF INTERACTIVE TERIIftALS

The capabilities required from interactive terminals by students,
authors, instructors, and other administrative personnel were analyzed.
Administrators need alphanL1yeric (text) presentation%, principally, and
have very little need for any additional capabilities. Preparation and
presentation of CA! lessons, and on-line preparation of materials for
off-line presentation, also rely principally on alphanuneric text
capability. However, there are somecontent areas and special presen-
tations which will benefit from color and graphics capabilities. In
general, CAI programs require upper and lower case characters, numbers,
and punctuation from the Am-0-an Standard Code for Information Inter-
change (ASCII) set, and a -next- key for student control over the pro-
gram. Programs for CMI have the sane requirements, plus needs for
additional function keys (-back- and at least three additional function
or control keys).

The attributes of some 300 alphanumeric display terminal% and
graphics terminals were reviewed for similarities and for industry-wide
standard features. The results (below) indicate constraints within
which the low-cost system will have to be desiqned if off-the-shelf
terminals are to be used. The relative merits of various terminals were
evaluated, and candidate terminals are recommended for use by students,
authors, and administrators in the low-cost CAI/CMI system.

4.2.1 Display Format

A format of 'U) characters per line is standard for most
terminals. Alphanumeric terminals coumonly provide 24 or 25 lines, and
graphics terminals commonly provide 34 or 48 lines. Most terminals
provide as standard either 64 different displayable characters (numbers,
upper case alphabet, and limited punctuation), or the standard 96 char-
acter ASt'I set (nuinbers, upper and lower case alphabet, and extra
syrnbols'l. The q6 characters are considered necessary for the text
requirements of the low-cost CAI/CMI system.

Symbels are formed within a dot matrix on all the terminals.
Characters using hiqher resolution formats are generally more readable,
especially for such characters as "m" and "w." Lower-case letters are
easier to read when the descenders for the characters 'q," "j, .p ,
"q," and "y" extend below the riatrix used with capitals and numbers.

The low-cost qraphics terminals reviewed have a picture element



(pixel) of resolution which is some fraction of a one-character matrix.
The range of resolution standardly available ranges from the lowest,
160 pixels horizontally by 192 pixels vertically, up to the highest
resolution, 640 horizontally by 476 vertically.

Many programs used on the low-cost CAI/CMI system would benefit
from some accenting method for portions of the programs--lines to serve
as separators In CMI editors or to box in accented words for CAI pro-
grams, for example. Most of the low-cost alphanumeric terminals did
not provide line drawing capabilities, but some provide either two
brightness levels, or the capability to reverse the character video
for individual fields. Words, sentences, or phrases can be put into
foreground or background by using one of the two methods. The terminals
considered as candidates for the low-cost system have at least one of
these two features available.

All programs are expected to send an X-Y coordinate to position
the start of words or phrases, or to echo characters back to the user.
Therefore, candidate terminals should have addressable cursors. There
is no standard practice for setting the X-Y position. Various sequences
are used to initialize the cursor setting mode, and different values
are sent to the terminals in either X first or Y first order to set tile
coordi nates.

An additional requirement is that both alphanum, eric and graphics
terminals must have the ability to erase the screen on coinnand from the
computer anki from the terminal user. All terminals reviewed nad bul k
screen erals,., anld most could erase to the end of line or the end of the
screen from the cursor position.

4.22 Trans ission Speed

A transmission speed of approximately 120 characters per
second is recolnlended when intermixing upper and 1ower case alphabet
rond numbers. Transmission of ASCII codes over coniliuni cation lines re-
quires the electronic formattingl of the eight bit ASCII code between
a start and a stop bit. To transmi t 120 characters per second, at
least 1200 bits per second tLwIst be received at the terminal. All ter-
miiinals considered for the low-cost system here able to receive data
in a switch-selectablo range of i10 to 9200 or nlore hits per second,
anow all included tie 1200 tits per second rate. All the- terminals
i, luded electron ics to receive or send data usinq an RS-232C inter-
face to a illodem or data ,oncentra tr.

.3.. Other Trans,'mission Parametrrs

10 liVe the coMputer coup ete COtroll' OVeIr the Caro'c tOrs
returle(, to t!se terminol, ,111d to provide for do ta inte(ri tV of the
'ise-r' , iil tlut to the cttl,1putter, full lld ple\ t.rallsilissic'n should be usled.
In u11u du1 lx, e,1h ch tor IV\r Code is sent to Ole compu tet'l" IS soon1 as
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a key has bern pressed. The computer stores the single key value and
returns for display either the sane code or some other code t.hich is
program controlled. For example, during log on, a computer may not
return the password for display but may instead return a special char-
acter.

Full diplex also speeds up verifica%.ion of data received by the
coi.iputer. Half duplex transmission, not recoriiiended for the low-cost
syster:;, customarily places the keyboard character on the screen
directly, and in pardlIlel sends the character code to the computer-.
The computer does riot return a character, so the user cannot verify
that the coiiputer has received the transmnission as it was entered at
the ter(.,i ra1.

Full duplex character-ot-a-time mode also imnrlies that data are
sent asynchronously, with no need for synchronization with the network
processing unit.

4.2.4 Keyboard

All terminals reviewed has a standard typewriter keyboard,
with leLters iositioned in the standard QWLRTY sequence. A special
requirement noted for the lov.-cost CAIiCIiI system programs is that a
functioni key method should be available co send special non-display
character ccarnands to the central computer for CAI or CMI prograrm or
editor control. Most )f the low-cost ter:;nnals include a numeric pad
and some provide a number of function keys. Most of the keyboards pro-
vide a control key, so that special functions can be simulated by non-
displayable control characters even if no function keys are available.

4.2.5 Interactive Terrinal Selection

Final selection of interactive alphanumeric teriiinals ImubL

be based on specific user needs and applications. The descrihed
functions are considered essential in any selection for a low-cost CAI/
C•11 syste.,i. To configure an exam-ple low-cost system, the results from
the foregoing survey were used in selecting candidate alphanumeric and
graphics terminal- wiich meet the functional requirenments. Howqever,
these are not the only terminals which could satisfy the requirements.
The candidate terminals for the exari.ple low-cost system are as follows:

1. Alphanumeric text tenriinal for siudents, instructors, and
aiministrators--ADOS Regent 10) terr.ilnal.

2. Text/limited resolutior. graphics/color terminal for students--
Intecolor 8001G Lerminal with lower case and function koys.

2. high resolution graphics terminal for student use--Tektronix
4025 terminal with :1192 words of graphic memory.
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4.3 MANAGEMENT DEVICES

A wide variety of devices can serve to accomplish the required CMI
functions. In fact, if keyboard input for data is sufficient and if
hardcopy output is not needed, the student terminals can accomplish the
C11I functions. The configuration of managenmnt devices which can best
serve the needs of a low-cost system install3tion will depend on such
factors as the following:

1. Types of input to be handled--manual input from Keyboard,
pencil-marked forms, pencil-marked cards, badges, off-line
response devices, etc.

2. Types of output required--hardcopy output, display at inter-
active terminal, specialized displays, etc.

3. Quantity of inr'ut and output to be handled--number of students,
frequency of interaction, amount of information handled at each
interaction, etc.

4. Instructional and administrative decisions--procedureo for
registration, absence reportino, testinq, prescribinq in-
struction, maniaqing student progress-, etc.

In order to configure -3n exam;'le system without knowi nq the char-
acteristics of tne installation environment, it is assu,•ed that
cqpabihlity appraximately equal to tic current AIS wanagement devices
will be required. Each of the manaqenmlnt devices in the example systc;u'
will therefore consist of a forms reader, a line printer, and the
electronics to interface with tne co-nputer. However, thho nananlement
devices needed for a specific install ation site, should be dottr1- n01ed Lw
analyzino the iceds of that particular siteo. Considerablo cast savil5s
muitilt Lit rcalized if 11imnplt'r itanalement devices arML adetua te for the
CMI cdapability required it a sito.

4.4 NOIVIJN I CAT IONS N1 TIJORK

T1pe coiwmunication.; network is considet-ed '( bN, the 'quitivrnnt
necessary to connect t.erliinals to the convnuni.cations 'trocessor. Iis
sectien reviews various methods of t riansnilitt inq dlata b,.tweon I ho st
cowlputor and one or meore tor,,ini•n, at di St.anoct's 1 1!a t' ii , tlI O
,.iaximtm expected betwt,.. huildifiqls f.)I- I•. ol Iu -cost C" M!.,/ 1I 1'i . It
is assuived' thot dedic,..ted lintes would he used >1 ,,n Air I oc, ,a~ e

Iq-iil'Vent now , *1 iiab 1 e pr'yvi ves fir -,t-'.ida d d.,t a frl1i3t and
allOws for traIIsmiOsS 0, of such data ,v,' ye ice Vk'ik7 t,.iche 1 i,.1.
The ASCII protcol (line discipline, coytrol covdv sdequencei of. d t d I

or11the has Aeen wproet'l ac(i epted by cdvern-nent and iequence' or 0 iti,.-
,na, ic iti ns sta,<'ard. A sys t•w usinq moderi da la coit'ui ( imiictions
"formllklts Wd ttl r lSl: cis i il t i a I olds 0h1, • iiii li of lo 9 ranu l e tom-
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patability aini expandability between CPUs and terminals.

The communications system for the lo',w-cost CAI/CMI system must
provide for asynchrcnous full duplex data transmissin:1 to each terminal
at 1200 bits per second (a standard speed correspcndin9 to 120 char-
3cters per second) to allow for inmediate character by character echo
to the terminal display. Asynchrcnous operation describes another
factor in data transmission--the systemi can transfer data at the user's
random rate. Full duplex describes the conmunications system as havint.
s ruItoneous coqlu nications both to and from the terminal, si vilar to a
ýelephone conversation between two parties.

Ptodern dpproaches to data communication involve the use of readily
available telephone circuits. The ,mnst prormising options availihle are
ti provide one or more dedicated line pairs froun the central co'iputer
site to the terminals. Additional line amplifiers aad correction of
Dhase differences are not required since the overall distance between
the central computer anC e'ny terminal is expecteld to be under 5 miles.
S~andard telphone pairs as presently in use with the AIS sye;tem are
cxpec',ed t, lie available far the low-cost C-%I/C'II system. FLull dUlpItX
operation requires a pair of tWo-condhctor telephone lines to provide
.a continuous communin.ation l ink in both directions between computer and
terminals.

The two sections following describe line modulation techniques for
handkiinq1 data between the central computer and the terminals. The
first section discusses single modems for conirunicating wit'i sinile
stand-alone terminals. The second discusses the recently developed
statistical mul tiplexer systems which perrit operation of Ful tiple Ze)'-
minals on single coniiiunication line pairs.

4.1.1 Transmission to Single Teriiiinais

Most host corniuter-related hardware can trans"iit daia to
terininals at distances up to about 200 feet. Hlowever, terminals
located at greater distances should not be operated on lines with raw
eigital data, because of signal attenuation and susceftibility to noise.
In order to transmit data to terminals at longer distances, modet:I pairs
are recoi.,oiended. Mo!.ems provide for conversion of the digital data
by frequency shift or phase shift keying of an audio frequency.
Appli cable types cf modems include trunk-l ine and short-haul types.
Both types provide the capabilities required for the low-cost CU1IC1I
systerm, includi,tg full duplex asynchronous modes. diagnostics, and
interconnection to standard PS-232C" electronic in•terfaces.

S..ort-.iaul modems qenerallv acconwod-2te a wide ranae of trans-
mission speeds ain, do, therefore, contribute to a system's potential
for exapnsion. Speeds typically range from 1200 to 19,200 bits per
s conk and are switch selectabie. The price ranqe for short-haul
noderis is about S&6'0 to $995 per unit. These modems can be used ill
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applications requiring high bit rates, such as some. graphics appli-
cations, and are good for distances up to 20 miles over unconditioned
lines. Trunk-line modems are generally limited in their range of tran~s-
mission speeds. 'This type of modem sells in the range of S3,10 to $5425
eachi, operates at or bel3w '400 bits per second, is good for long
distances (up to several thousand Miles), but requires conditioned lines.

The following modems wiere investic1ated to deternine their capa-
bilities for self-diannosis in the event of system failure. ease and
ability in matching the unit to thl, telephone lives. and ease and sp'eed1
of niaintenance. All of the listed moderis ar'e full duple\, have asvn-
chronous operation and RS-9232C interfacing, provide diaqnostics, and'
have a minim~um speced of 1200 bits per second.

Trunk Lire Modecas

Manufacturer Model No. Spiced (Raud)

Tinopl x 02up to 'xxQO
Tele-Dynamics 7294T OPp to 1.1111
Svntech TT- ZW Op to 1l8O100
Novation 20 6O
Penri 1 lS. '~t "i

4.4.2 Transmni ssicn to mul tiric Tei-minals

Stavtistical nu'4-_i plcxors (data concentraters) are aa1.~
31`f-the-shel f. The jnits haiidle saimpl inq 1-sod on Active tusers 0.n14.
without wasti no tiimol seiincnots onl idle orI inactive terr.1nal s. Thle
traffic demand is monitored by a statistical algorithmi and data are
moved according to demaind. A pair of inexpensive statistical mul~ti-
plexers call provide service over 21 telephone circuits to as miany ais 32'
teIm i nla I s.

Tradi tionat error correct ion techniques call tie applied wvith
stalt istical mu] t~ijp1 oxin1. InI the event that all error occurs inl the
data format due to a di sturbanicc in the conriun icat ions s vtcnl. t he
stat i sti cal mult i p1exser will retlransmi t the diata. Tile m 1t i tp1 exers
Can i nterroc'1ate eaCh other to repeat a rlessat~l to the sure the riessatie
is trinsmi tted correctly.

Thle stat isti cal mult ip1lexer a pproa'Ch ut iii :es al pair of stat.i st icall
mu] t.i p1 oxers (ono. at the hos t coripu ter and1k t he other nearl t he I a mii na 1.
"tw.O oovdems, 'Ind a1 pair' of two-coniductor tevl ephne li nes. Thlis --on-
"fi iura t.ion will tVpI icll v handle fon t.½ r rioro Orrlilna 1s.

for the statistical nlu] t pl O\L aIpproach. Ithe m1odenm pair. ',he
o ,1 . I I I i Ca t i onII Ii nes , anIId the 1,111 'L.i p1l e \er 1 no por 10 ts a11'V req u re'd I o

01 Orate 'i t Onl y one-hal f the bit rate of 'lhe maiu opsi termina 1
spoodi 1-1etl 01ne to 0i .j!t 1o :@HI S pclr se~ondk terminal lls are, connec1kted



to an eight channel statistical multiplexer, for example, a channel
speed of only 4300 bits per second (3 x 12OC/2) is required. The
eight channel statistical multiplexer system will operate in a degraded
mode while five or nore terminals are all receiving data at the same
instant. Short-haul modems are preferred because of their ability to
operate at faster speeds at the flip of a switch.

System expansion up to the capacity of the multiplexer involves
considerably less cost than addinq modem pairs as in the single terminal
syster. While it rmay be necessary to purchase add-on channel cards to
expatid, it is not necessary to purchase modems and lines to service
another terminal. For the low-cost system with relatively short
expected distances front a central conmuter to terminals, only multi-
plexer systems for 3 or 16 terminals have been considered so that the
,naximun line speed will not exceed 9600 bits per second.

The statistical multipiexers and short-haul modems listed in the
following tables were investigated to determine their self diatnostic
capabilities, ease and speed of maintenance, and ability to easily match
characteristics to the telephone lines. A pair of multiplexers and a
pair of iotoders are required for a system. The first item in each list
was selected for the example low-cost systeri.

Statistical Itultiplexers

*anufacturer P1odel 3'o. Mix No. of
Terminals

Diqital
Conriun i ca t ions
Associates Smart/flux 115 16
Infotron Supernux 4eO 8
li corn 00 S

Tireplex M- "

Short Haul ,Modens

Manufacturer ý-,del "o.

Svntech LPM- 7296
Tel e-Dynarii cs 73.00
Paradwne SRM- 192
Codex "8200 LDSU
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5.0 SOFTWARE SURVEYS AND ANALYSES

5.1 SUPPORT SOFTWARE

Support software can be defined as all of the software supporting
the operation of the low-cost system except the instructional (CAI and
CMI) software. It includes the operating system, file manager, loaders,
linkers, additional compilers, assembler, and utility routines.

Support software for one system is rarely executable on another
system because of machine dependencies. Therefore, support software is
not an area of system capability which should be evaluated in isolation
from the CPU. Rather, the capability of support software is one
criterion to be considered in selecting a CPU. If possible, the CPU
manufacturer's support software should be used, instead of creating
special purpose software or modifying the manufacturer's software. This
is advantageous for the following reasons:

1. The manufacturer is obligated to perform maintenance on the
support software, thereby relieving the user of this respon-
sibility.

2. Manufacturers often make improvements to their support software.
As reasonable requests from the user conmunity are received, a
manufacturer often implements the enhancements, and makes the
improvements available to users. If the support software is
not user-modified, new releases of software from the manu-
facturer will not require modification, thereby saving effort
in acquiring upgraded support software.

3. If the instructional software can execute without being
heavily dependent on special purpose software, advantage canl
be taken of advances in hardware technology and/or lowered
hardware costs by readily transferring to an attractive new
system. For example, if the execution of the instructional
software requires the services of a special purpose operating
system, then the instructional software is heavily dependent
on that operating system. Moreover, the instructional soft-
ware cannot be readily transferred to a new system if the
tarqet machine does not support the lanquage in which the
operating system is coded. On the other hand, if the execution
environment provides standard interfaces to manufacturer
supplied operatinq systems. then the instructional software
Cdf1 be readily transferred to. a new systen.

The support software for the example C'P: (the DEC VAX 11/7,11) was
eva 1l,1 ted. and appears to have all of the capabilities required for the
low-cost system. It is therefore used as the support software for the
exalnple system confi(luration.



5.2 PROGRAMMING LANGUAGE

[valuating a prograziwning language to determine its merit is a sub-
jective process. Factors entering into the evaluation of a language
can be conflicting. For example, a language with many available
features could be deemed powerful and therefore "good"--or, because of
its many features, the same language could be viewed as overly complex
and verbose. The main difficulty is that a language is not "good" or
"bad" in absolute terms. Previous work in proqranluing lantluage eval-
uation hds shown that the merit of a prograi:iuing language should be
determiined with respect to (a) the application area for which it will
be used (in this case, CMI and CAI applications) and (b) the computing
environment in which the language .iill appear (the hardware equi'went,
the fiscal resources, and the personnel available).

5.2.1 Top Level Language Goals

Definition of the gloals for a prograi•inng language should
begin by considering the application area and previous research into
what qualities take a lanquaqe good. Then, by examining the stages of
the program development process with respect to the application area,
and identifyinn the most important objectives for a lanqua(le at the
various stages, the top level goals can be defined.

In the CAI/CMI application area, the stages of the program develop-
ment process are problem specification, design, coding, debugging, and
m.aintaining. In this context, the following top level goals for the
low-cust CAI/CM! system progranviing language are established:

1. Ease of Writing CMI---Sonie capabilities are particularly
important in the design and coding stages of CHlI prograniiing.
These include (a) allowing adequate record and file handling
capabilities for student data, (b) supplying student pre-
scription and paiiny corstructs, dld (C) providing class-
ification and typing of data and execution paths.

2. Ease of Writing CAI--Some capabilities are particularly im-
portant in the design and coding stages of CAI prograuiining.
These include (a) student response judging and analysis, (h)
easily created and displayed screen frames, and (c) easily
created questions and decision branching.

3. Reliability--The reliability goal is applicable during coding,
debugging, and maintaining. A language is reliable if it
facilitates writing correct programs. Compile time checking,
execution time checking, program testing features, and pro-
granm debugging features are factors contrihuting to thi.S goal.

4. Ease of Learning--Ease of learning is applicable to all the
stages of proqram developnient. It encompasses uniformity of
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syntax and context consistency. Unnecessary complexity of
syntax and semantics should be avoided. A fairly common set
of constructs should be utilized, supporting as few linguistic
concepts as possible. For example, x = I is a construct that
could also be used in the iterative construct

FOR x I STEP 1 TO 10 DO ( ).

The language should not contain inconsistencies or context
dependencies (e.g., a language that allows int = I where "int"
is of type integer, but does not allow stng = "ABCD" where
"stng" is of type string, is inconsistent in the area of
assignments).

5. Maintainability--The maintainability goal is dpplicable in the
debugging and maintaining stages. A language that supports
maintainability provides readability, ease of source statement
change, and easily constructed source statements.

6. Efficiency--Efficiency is relevant in the coding, debugging,
and maintaining stages. The efficiency of a language can be
measured by comparing the code the compiler-gencrates (with
respect to storage and speed) to that produced by a good
assembly language programmer.

5.2.2 Candidate Languages

Surveys of existing programming languages (Samnet, 1973;
Brahan, 1973) were used to determine the set of languages which might
possibly meet the top level language goals. Languages which could not
possibly meet the goals (e.g., those designed for structural engin-
eering or linear programing) were eliminated. Also, languages which
might meet the goals but were not currently implemented on at least
one computer were eliminated. Languages which have never been imple-
mented, or were once implemented but are no longer sLupported, were con-
sidered to be too costly to make operational. The resulting set of
candidate languages is listed below:

ALGOL 68 - A powerful, general purpose, extensible language used to
solve a large number of Vrograimning problems.

BASIC - A very simple language used prinarily in solving numerical
problems, but with some advaniced features.

CAMIL - A general purpose interactive language used for CAL/CH],
systems, and application progranmiing.

COBOL - An English-like language used primarily for business data
processing problens.

StIi
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CORAL66 - A general purpose language used primarily for solving

algebraic problems.

COURSEWRITER III - A simple language used for preparing CAI courses.

FORTRAN - A language designed primarily for numerical computation but
used in vany other problem areas.

JOVIAL - A language designed primarily for numerical computations and
data processing.

NAlAL - A course-authoring language used in the preparation of CAI
niateri al s.

PASCAL - A general purpose programming language.

PILOT - A simple language for preparing CAI materials.

PLANIIT - A language (embedded within a system) for preparing and pre-
senting on-line individualized instruction.

PL/I - A general purpose language used to solve a large number of
progranming problems.

TAL - An authoring language used to present CAI materials.

TUTOR - A language used for preparing computer-based educational
Naterials.

5.2.3 Minimum Language Features

Language features were determined by examininq the necessary

CAi/CMI functional capabilities from Appendix C and determining a set uf
suggested features for accomplishing those capabilities. Appendix G
lists the CAI and CMI functions and shows the language features to
implement each function. From Appendix G, it is possible to determine
(a) which language features could be eliminated as functional capa-
bilities are eliminated or (h) which functional capebilities might have
to be eliminated as certain language features are eliminated. The 26
language features are as follows.

1. Built-in data types of:

INTEGER - e.g., 1, 10, 15
REAL - e.g., 1.5, 6.10
LOGICAL- TRUE, FALSE
STRING - e.g., "ADE[
ARRAY - e.g., ary(l) = aryl(x) i
RECOR;R - e.q. , rec.x--3
CLASS - e.g., class(cl,c2,c3)
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SET - e.g., x 6 setl
TEXT - long strings of textual data convenient for represen-

ting large volumes of data (up to a screen page).

2. Support of variable data - It is necessary to allow data to
take on many values throughout the execution of a program.
Many programs representing CAI/C11I functions need this capa-
bility. An example from PASCAL is:

x::lO;

X:=Y.

3. Support of constant data - It is necessary that some data
remain constant throughout execution of a program. An example
from CAMIL is:

DEFINE INTEGER x=5; X cannot be changed within this program.

4. Explicit declaration of variables and constants - It is desir-
able that variables and constants can be declared within a pro-
gram prior to use. This practice is commonly accepted as
contributing to the creation of reliable software. An exa;nple
from PL/I is:

DECLARE ! FIXED INTEGER.

5. Definition of procedures (subroutines) and functions (pro-
cedures that return a value) - Capability to define procedures
and functions is needed. This allows the CAI/CMI programs to
be modular and therefore reliable and maintainable. An example
from PASCAL is:
PROCEDURE CALC (INVAL:INTEGER);

BEGIN

procedure body

END.

6. Specification of user-defined data types - It is convenient to
have built-in, expandable, user-defined data types for use
throughout programs. This feature allows creation of different
types of data beyond the built-in data types. An example
from CAMIL is:

TYPE PACKEH RECORD (INTEGER I; INUMBER N) RECTYPE.

7. Packinq data within records and arrays - It should be possible
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to specify packing data within records and arrays to preserve

space. See feature 6 for an example of a packed record.

Automatic allocation and access for Indexed Sequential files -

It should be possible to specify a record or group of records
to begin reading or writing by supplying a key for record
positioning. This feature is necessary for efficient manip-
ulation of student data on disk.

9. Automatic allocation and access for Direct Access files - It
should be possible to position to a particular record by
specifying its location on disk. This feature is necessary
for efficient maintenance of student data on disk.

10. File sharing - It should be possible for many processes, simul -
taneously active on the CPU. to access the same disk data file.
This feature is necessary for efficient manipulation of student
data on disk.

11. Record reservation - It should be possible for a process to
lock out all other processes while updatino a student record
on disk. This feature is necessary for reliable maintenance
of student data on disk.

12. ir THEN ELSE construct - Conditional branchinqi (choosinq alter-
nate program paths) should be possible. An example froni PASCAL
is:

IF X( >Y THEN Z:-=A ELSE Z:t-B.

13. Iterative statement construct - Loops should be possible with-
in programs using an iterative construct. Many of the CAT/C01
functions will be implemented with program loops. An example
from FORTRAN is:

PO 1Ii K-I,10

loop body

10 CONTINUE.

14. N-way conditional branching - It is necessary to be able to
choose one alternate out of .many to implement many of the
functions. An example from CAMIL is:

CASE x OF
3EGIN
1 y i-- I0,

t. L 4• 15;
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5 a e- 5;
END.

15. Assignment statement - It must be possible to assign values
to variables within the language. This feature is necessary
for virtually all functions. An example from JOVIAL is:

Al = Al + 1$.

16. Program interrupt detection - A construct is needed to allow
for user interruption of the normal program flow. This feature
is necessary for programs implementing CAI functions. An
example from CAMIL is:

ON F1 DO

BEGIN

handle the function key interrupt

END.

17. GOTO statement - An unconditional branching statement is needed
in the language. This is necessary to transfer to specified
sections of code. An example from BASIC is:

GO TO 5.

18. Communication with CMI terminals - The language must be capable
of directing output to and receiving input from CMI terminals.
Many CHI functions require this feature.

19. Communication with CAI terminals - The language must be capable
of directing output to and receiving input from CAI terminals.
Many CAI functions require this feature.

20. Arithmetic operations - The functions of addition, subtraction,
multiplication, division, exponentiation, absolute value,
modulus, random number generation, sine, cosine, tangent, co-
tangent, square root, string concatenation, and integer shift-
ing should be available for use in CAl and CHI functions. An
example from PASCAL is:

X:= Y/2.

21. Relational operations - The operations of equal, not equal, less
than, greater than, less than or equal, greater than or equal,
and b•Lt iiiewbership must be supported. CAI and (.I functions
use these operations. An example from CAMIL is:

IFP x !5 y THENl z +- 10.
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22. Logical operations -The operations of riot, and, or, oxclusivo
or, set complement, set inter~ec tion , and set unreien must hie
supported, for use in CAI and fNIl functions. An C ~ddl1le from
ALGOL63 is:

I I- X iý10A Y i> 5 THEN 7 e-- 25 .

23. Interactive terminal page oriented textual cwiriun ication - It
must be possible to display textual information by the page.
at an interactive terminal via the lanquane, CA! functionis
require that text be displayed at student terminals.

24. Teririnal q.raphncs - A basic 1lint, drawing(. copabii ity which call
be utilized to constrý,ict terminal (Iraphics should bce resident
within the laniguage. CAI funictions may require this feature.

25. Hardcopy support - It must be possible to interface with a
hardcopy' pr intor for gjenera t i n reports, pr'oqrar1 i 't c and
other documients . CA! and ('MI 1-unc tions require this fco ture.

26. M~agnetic tape capability - It is rieccssary to maintaiin larme
volumes of student data on anl inexpensive backup nediun. I'sy
using magnetic tape, areas of nmore expensi5ve' high-spnve( disk
storage can be freed of student data.

5.2.4 Nontechnicil Criteria

While the technical merit of a language is of primary
importance, certain non-technical cri teria should also hie considered ill
determining the cost of imiplementinig the 00l,10,11 ftunct ioo in) that
language. These criteria are as follows:

1. Language availability on recomiliended hardware - if' a candidate
language is n,-t impl eiriwted onl the host computer, there is a
cost associated with making thle languane's ctwmpiler operationial
on thle system.

2. Quality of candidate lanquage docuimentation - This will have a
bearing on how quickly the software canl hie oeveloped.

.3. Availability of trained progranrlners - It- there are no tti a med
progranviers availabil e for a candidate 1 anguaqe , the( cost of'
implementinn the software in) this laniguagle will be higher.

4. Availatility of programs providing requirtid 'AI/i'MI functional
capabilities in a candidaito languagje - If software to implement
CAI/CM! functional capabilities already exists in a catididate
language, then, with respect to this criterion, the cost of
using that language will bc decreased.
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5.2.5 Language Evaluations

To assist in evaluating candidate languages for the example
low-cost system, an approach developed by Brosgol, Hartman, Nestor,
Roth, and Weissman (1977) can be utilized. This is an excellent
approach for forcing evaluators to think as objectively as possible
about the subjective process of evaluating a programming language. In
this approach, a ratino r-rrix R, an application vector A, and an inter-
mediate vector I are usE in conjunction with a language vector for eachcandidate language to derive a technical merit score. The technical
merit score and four management evaluation scores for a language are
entered into a language score vector which, in conjunction with a
language management vector, yields a final score for each candidate
language. The following paragraphs describe this approach, and suggest
suitable parameters for use in evaluations for the low-cost system.

Matrix R is a 26 by 6 matrix whose rows represent the language
features (section 5.2.3) and .se columns represent the top levellanguage goals (section 5.2 Each matrix element, Rij, is a
numeric value indicating the extent to which language feature i con-
tributes toward accomplishing language goal j. The application vectoris a column vector of 6 entries representing the relative contributions
of the top level goals toward the CAI/CMI application area. After deter-mining R and A, then R x A produces a column vector I with 26 entries,
each entry representing the contribution of a language feature toward the
application area.

Each entry in the rating matrix R is a value between 0 and 10,indicating how much language feature i contributes toward accomplishing
language goal j. The range 0 to 10 is chosen to allow the final tech-
nical merit values to fall in the range of 0 to 150 (the maximum
technical merit score is actually 149.54). This range could be greater
or less and still be representative of the technical merit of a lan-
guage. However, 0 to 150 is a reasonable range to work with, since
technical merit values are then neither unduly large nor extremely
small. The suggested rating matrix R, for evaluating languages for the
low-cost system, is as follows:
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goals

:8 8 7 6 7 4
10 10 8 6 8 5

.2 2 7 5 5 4

.3 3 9 5 7 4
:8 8 8 7 8 5
.7 5 8 7 8 5
.7 6 2 4 7 3

f :8 5 5 2 6 8
e :4 2 5 1 4 8
a :8 5 0 0 8 9
t :8 4 10 0 9 0
u :9 9 7 7 7 7
r :9 9 7 7 7 8
e :8 8 8 7 7 9
s :10 10 5 7 8 8

.0 8 3 5 4 7
1 1 0 1 0 6 :

:10 0 7 5 7 7
0 10 7 7 5 6 :

.8 8 6 5 6 b

.9 9 7 5 6 6 :
:6 6 7 5 6 6 :

0 10 7 6 7 6[ 0 8 2 4 2 4
:7 2 3 4 6 5
:8 0 0 0 8 8 :

The application vector A is a column vector of six entries, each
entry value reflecting the contribution of a top level language goal
toward the CAI/CMI application area. The vector entries must sum to
1.0, and reflect the judged importance of a goal with respect to the
application area. Entries should avoid placing too much importance
on potentially overlapping goals (e.g., reliability, learnability,
maintainability). The reconmended entries for application vector A are

.18

. .18! : .18 :

.14

.16

.16
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Since the entries in R represent the contributions of the language
features toward each of the top level language goals, and since the
entries in A represent the contributions of each top level language
goal toward the CAI/CMI application area, then R x A produces a colum
vector I with entries representing the contributions of the language
features toward the application area. The product of the recomnended
vectors, R x A, is

: 6.74 :
: 7.96 :
: 4.12
: 5.16

7.38
5.38
5.66
5.76
4.04
"5.06
5.40
7.72
7.88
7.86
8.04
4.44
1.46
6.00
5.96
6.58
7.1?
6.04
5.98
3.32
4.48
4.00

A language vector CLi is then produced for each candidate language.
The entries in the language vector indicate the extent to which the
language features are provided. The product CLi x I will then produce
a score inuicating the technical merit of the language with respect to
the CAI/CMI application area. These scores, ranking the technical
merits of candidate languages with resDect to the CAI/CMI application
area, can then be used in management evaluations to arrive at a can-
didate language reconmendation.

The jth entry of language vector CLi indicatps. how candidate lan-
guage i contributes toward the jth language feature. For each language
feature, the "degree of compliance" for a candiddLe language must be
estimated. A suggested approach for making these estimates is as
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fo I lows:

T : The language totally meets the requirement. A score of 1.0
will be recorded in the language vector.

P : The language partially meets the requirement. A score of from
0.1 to 0.9 will be recorded in the language vector according
to the degree the requirement is partially fulfilled.

F : The language fails to meet the requirement. A score of 0.0
will be recorded in the language vector.

U : It is unknown from the available documentation whether the
requirement is satisfied or not. A score of 0.0 will be
recorded in the language vector since poor documentation
should be considered even if the feature is inplemented but
not documented.

After ('Li is established, the technical merit, TMi, of a candidate
language with respect to the CAI/CMI application area can be calculated:

TMi = C.i x I.

Development costs for impler~nting the CAI/CVI softwar: must be
considered. Costs can be categorized as follows:

1. Acquiring the implementation language.

2. Training th'e progranriers in the given lanquage.

3. Designing the system.

4. Coding the system in the given language.

5. Testing, debugging, and verifying the system.

6. Maintaining and upgrading the system.

Thc entries in a Language Management vector, LM, reflect the con-
tributions of technical merit and of the nontechnical criteria to lower-
ing system development costs. The recommended LM vector is

Technical merit : .33
Language availability on recommended hardware : .25
Quality of documentation .05
Availability of trained programmers : .06
Availability of instructional software in the language : .31
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A five-entry Language Score row vector, LS, whose entries are
scores ranging from 0 to 100, is established for each candidate lan-
gudge. Each entry in LS describes how well a candidate language is
judged to contribute toward the entries of LM. The first entry in LS
is the technical merit score for the language, translated to a 0
to 100 scale. The other entries in LS are determined by examining a)
the languages implemented on the candidate hardware system (for purposes
of this exampie system, the VAX 11/780), b) the available language
documents, c) the availability of trained programmers, and d) the re-
quired CAI/CMI functional capabilities for possible existing implemen-
tation by candidate languages. This product LS x LM is the final score
for a candidate language.

Clearly, selecting a language for CAI/CMI application involves a
considerable amount of subjectivity. However, if the foregoing pro-
cedures are followved, the evaluation process is made visible, the
numbers entered into the process are open to inspection, and the
results can be accepted or rejected on their merits. Also, the eval-
uation process is designed to allow change to the vector values (the
process could easily be automated). In this way, opinions of different
individuals can be considered before a final lanjuage recommendation is
made.

In selecting a language for the low-cost system, the technical and
nontechnical merits of the candidate languages should be considered in
the context of the defined application area. The evaluation matrix
approach just described, or another explicit technique, should be used
to reflect the weightings assigned to the technical and nontechnical
merits of the languages under consideration. The actual selection must
consider specific user applications, program costs, minimum language
features, etc. Any language that meets these criteria may be selected.

As part of configuring an example low-cost system, the technical
merits of the candidate languages were calculated, relying in some cases
on first-hand experience with a language and in other cases on published
user literature. The nontechnical criteria discussed previously were
also estimated, ending with calculations of final scores for the can-
didate languages. After application of the matrix approach and the
parameters described above, CAMIL was selected for the example system
confi gurat, ,•..
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5.3 APPLICATIONS SOFTWARE

5.3.1 Applications Programs Required

To implement the CAI/CMI functions, the following types of
application software will be required:

1. CMI sifteare --

0 Interface with the interaczive terminals.

0 Interface with the management terminals.

0 Validation of forms that are submitted.

o Scoring of testq (on-line and off-line).

0 Resource management.

0 Assignment selection.

0 Management of students to time targets.

2. CAI software --

0 CAI presentation program.

0 CAI authoring system.

0 Graphics editor.

3. Editor capability to display and modify --

0 Course definition files.

0 Student data files.

0 Test keys.

0 Resource files.

4. Report generation programs --

0 CAI lesson evaluation report.

0 Training management reports.

0 Course Evaluation Summary.
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0 Test Item Evaluation report.

0 Learning Center rosters.

0 Student block progress reports.

0 Absence report.

o Homework summary.

0 A general data retrieval and report program.

S5. Data base support software --

$ 0 An autom:atic CMI data baise validation program.

0 A program to remove student performance data from disk and

generate the tape and disk file for the generalized data
retrieval program and for the Course Evaluation Summary.

A program to remove the CAI data from the disk and generate

I the tape files for the CAI report programs.

SA program to remnove test item ddta fro:in the disk and ,jenerate

the tapes used by the Test Item Evaluation reoort program.

0 An archiver to remove CAT lessons that are not in regular

use from the on-line data base and record them on tape.

0 A program to bring archived CAI programs back as they are

needed.

0 An arciiver to take programs that are not in regular use

from eisk and record them on tape.

A program to bring archived programs back as they are needed.

5.3.2 Selection of Applications Programs

A number of existing CBI systems were surveyed to determine

their capabilities in the applications programs area. All of the

existing systeins have some elements of capability that can be character-

ized as CMI, and most have some CAI c3pability. All o" the functional

capabilities required for the low-cost system have been implemented on

one or more of the existing systems, but no sinile existing systeri in-

corporates all of the capabilities.

A large proportion of the CAI' and CHI functional cipahilities for

the low-cost system are currently implemented in the set ot applications

programs for the AIS. It is possible, with the adWition of applications
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p,.)9rariviinq, Lu bring the AIS, or another CBI ,ystem, up to the level
required for the low-cost system. The survey of existirg capabilities
indicated that fewer programs would have to be added to the AIS soft-
ware than to other existinq systeri;s. Therefore, the AIS applications
software is selected for the example system configura~tion.

6.0 SYST-M ANALYSIS

Intef~rating the functional requi remients wi th the hardware/software
capabilities was approached ')y deter ining the system requirements
dictated by the fill list of functions. Then, the additional s.\stenl
requirements dictated by the canoidate sApp~rt software and rrogrativ'in§ti
language were assessed. Finally, Ehe total system requirements were
compared with Ji.ý capabilities of the e ant~idate hirutiare to determine
ch2 f.eisibility' of utilii2inq that hardware with :h r'co~irnended so~t-
ý.Iare and language tý. accomplish the req.)ired Z-AI atid CMI fUnct-'ons.

The CAI/'Ct-. funciions and their paycff ratingqs were used as i
startiny ;,.oint in determining the syst.evi requirer-ients. An attem 'rt was
iamde to doternine the costs, in t9rms of storacle, I/0 ti!!e, CPU ie

or i.ctual C~ollars. of each function. How.,ever-, the functions ara so,
le~ivily in,,errela'_e;I i.hat, in ilust cases, it is not possible to assign
a cost to a single function. Fir example, thE infortmation in i
singlE file mnay service several functionS. If any one of those
functions is to te iocludeJ, that file must be included also, but the
file can then be snared by many other functi(ons without any add~ltio:'ial
cost. In other words, costs are driven by gro~ups of functions, a.id in
general, a cost will be incurred if any or all of a group of functions
are to be provid-ed. Eliminating one function from a:m.ong a grou,, does
not usuzlly result in decreased system cost. Therefore, in subsequen'.
anaiyses., groups of funictions are the usual unit of analysis rather
than singl2 functions. However, if a single funicticn r-prescnts !
considerable imnpact on the system, and can be isolated, then it is
ý'reat.cd in that way. A list of the functions, with thie files riequirek!
and approximate CPU times needed for each, is shown iii Appendix C.

These estimates derive fromr measured times and known tile reqUirements
in the current AIS. The detailed requirements are suiumed and used as I
a basis for sizing the system hardware.

6.1 DISK SPACE

Required disk space can be estim~ated from a knowledge of the files
required, the required record structures, and the number of records
needed. Experience on the AIS and the structures of the AIS courses
were used ds models in estimating storage space requirements. Para-
meters used were numiber of courses, n-uinber of students per course, and
numbers of blocks and lessons per course. Information on the config-
uration of specific target courses was not aviilable. Therefore, som~e
assumptions consistent with possible application sites in Air Force
resident technical training were made:
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1. Five courses implemented on the system.

2. One hundred students per course per shift (500 students on

CMI/CAI at any one time).

4. Five blocks of instruction per course.

4. Sixty lessons per block.

Some subparameters within these main headings were also assumed,
based on current practice:

1. Two shifts of operation.

2. Students are assigned into learning centers, with 25 students
in each center.

3. Three course versions (shredouts, for example) per course are
implemented.

Five categories were used in estimating disk space requirements:

1. Active programs.

2. CAl.

3. CMI .

4. Recent Data File (RDF), the on-line record of the most recent
student completions of tae blocks and courses.

5. Supporc for the compiler, operating system, file managenent
system, and the necessary support software.

The number of active programs, assuming a lower software mainten-
ance loac than on tn-! current AIS, was estimated to be approximately
80% of current AIG, usage, for a total of 30 million bytes (3 Dits per
byte).

Disk requirements for t.ie CAI programs were estimated using, the
current AIS structur0 as a )asis, but with a 75% safety margin. This
total then is 30 mil,.on •ytes.

The CMI requirements were also cstimated from the AIS busis, but
with a safety margin of 50; (CMI requirements can be predicted with
greater dc,.uracy). The CMf requirement is 30 million bytes.

TnE Recent Data File requirenent depends upon how many student
records the uscr activity will maintain on-line. Ao estimated 22
Iiillion bytc• will be required in order to maintain, on-line, the
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records of the most rocent 200 students to conmplete each of the courses
drid each of thc ýloc,.s assumed for, the low-cost system.

Support for th? compiler, the operating system, the file indinaqinemet
systemi, and the neze~ssery supixrt software will i-equire 67 million ýytes
of disk storaqe. Thi'- includes a 50V aliowance for expansion, should* it
bie desirable to expand th~e system software cap~ibilities tv ;)vu'Jiae "nice
to have" features in addition to the necessary fe;,tures.

In sunriary, the total requiremen't for disk spaco2 for the low-cost
systern, assuriinq 2-JO students it, the RPr, is 179 mil11ion hytes of
storage'.

6 .2 TIE MR 1411A' .S

Thu assumiptioni tilat there w"Ill be 1,00 students on thie system dt
anyv one time, and that 10- of the instruction will oe CAI, leed to a
requirement for 1.0l student interactive tern-inals. A reasonanic mix for
these is assumed to tie 40 alphanumpric term-inals, 7 low resolution
graphics/color terminals, an.1 3 high resolutioni grapjhiCS terminals.
Nine tiddi~ional alphanumeric terminals ire issonmd to De required for'
adininistrative use.

The CMI functions can he acccom lished with a mix. of on-line and
off-lin~l oa~nagenment. toviiinil devices, but th-, requirements will dtepend
oni specific user applications. lo input off-line tests and provide
printed feeitdck/prescri pt ion dfter cachi such input, a low-cost printer
usfionj inexpensive tel et,'vpQý paper is reconu'iendvd, in conjunct ion With a
formts reader, "'J, or other pen j'heral s. Five such managemient ter;aiina 1
site:, will be required to manage 500 studenits per shift.

In sumumary, the fol lowing 64 terminals woulu be! incorp~orated in a
"typical' configur-3tion of the low-cost system for resident technical
zraining:

i. rorty interactive alphanumeric teriminal% for stident use.

L. Seven low resolution graphics/co)lor terminadls for* student use.

.3. Three high resolution graphics terminals for student use.

4. Wrine interactive alphanumeric terminals for admini,,rativt'
use.

5. rive rianagemeiit termina! sites.

b.3 MEMORY REQUIREM-NTS

Memory requirements are driven by such aspects of thc system ds

characteristics uf the operating system, number of teriminals, computer
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architecture, and language. The CAI/CMI functions are significant
factors because (a) they determine the requirements for terminals, (b)
the types of presentations necessitated by the functions affect the
&mount of memory necessary, and (c) there will be many processes,
representing the applicit 1,n programs which implement the functions,
operating concurrently on the system. In line with the design goals
and assumptions, there will be 64 users on the systeii at maximum load
(users at 50 CAI teri.linals, 5 management terminal sites, and 9 admin-
ist,'ative terminals). Therefore, there will be a r.'aximum of 64
application processes on the system concurrent'y. AIS experience has
shown that processes similar to those representing the application pro-
grams implementing the reconmmended CAI/CMI functions will iun with
adequate but not extravagant efficiency (i.e., producing the desired
response times) when 29,000 to 30,000 bytes of central memory are
allocated to each process. Therefore, the central memory requirement
due to the CAI/CMI functions is 1.9 million bytes.

Support for the compiler, the operating system, the file manage-
ment system, and the necessary support software requires 100,000 bytes
of central memory. Much of the operating system will continuously be
in central memory, but the compiler, file managemlent. and support soft-
ware will be loaded only as required.

The total central memory requirement due to the CAll/HII functions

and to software support is 2 million bytes.

6.4 DATA RATES

The recoiMiiended functions (Appendix C) were reviewed, within the
framework of AIS experience, as to the signal input and output require-
ments for the various types of transactions, and the approximate page
lengths to be displayed. Integrating the results indicates that a data
rate of 1200 hits per second will be suffiL'ent for most terminal dis-
plays. Complicated graphics displays, depe ding on the instrucLional
requirement, and on the terminal capabilities, could require a hiqlher
rate. Therefore, an option for higher speeds is a factor for consider-
ation in the design of the system.

6.5 TAPE DRIVE REQUIk[MENTS

The number of tape drives required is determined by two types of
usage: main shift and off-shift usage. Main shift usage will consist
of requests for data submitted by course personnel, reqiiests to restore
archived lessons, and requests to restore archived programs. The re-
quests for data will include course evaluation suiintaries, test itein
evaluation reports, CAI reports, 3-nd rpccial rctriCval requests. IPost
of these data will be on tape. It is possible to meet this requirement
with one tdpe drive, but a tape drive is required for each process. that
is running. Two drives will allow two requests to be run ot th~e saie
Stime.
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The off-shift requirements include batch jobs submitted by the on-
shift personnel and periodic jobs to maintain the CAI, CMI, and program
data bases. The periodic jobs will include the following:

I. Remove the CMI sunmmary data from disk and merge wi th the
history tapes.

2. Remove the CAI summary data from disk and merge with the
history tapes.

3. Remove the test item data from disk and merge with the history
tapes,

4. Archive CAI lessons that have not teen used within a designated
retention period.

5. Archive computer programs that have not been used within a
designated retention period.

Although requirements could be met with one tape drive, there would
be severe peoalties. These include:

I. Ofly one report from tape could be run at a tile.

2. A scratch area on a disk will be required to store data during
merges.

3. Computer )perators will have substantially more loadinn and
unloadinq of tapes from drives.

4. If one drive breiks, no tape work can be done.

With two drives, two reports can be processed at the sa~me time.
The CPU is normally faster than one tape drive anu can process data from
one drive while reading data from the other drive. The system would
also be able to no tape to mem~ory to tape, with two tape drives. With
one tape drive, the pro)cess is tape to memory to disk to me)ory to tape--
which is substantially slower. Therefore, two tape drives are
recommended for the low-cost CAI/CMI system.

6.6 HARDCOPY PRINTOUT REQUIREMFNTS

The reports required for the five courses assumed to be implemented
on the low-cost system can be handled easily, on an eff-shift basis, by
a medium speed line printer, At 600 lines per minute, produaction will
be approximately 600 paaes of printout per hour. This is more then
adequate to s'ipport information retrieval and analysis requests,. There-
fore, a line •rinter capable of about 600 lines per minute is
recommended.
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7.0 CONFIGURATION OF AN EXAMPLE SYSTEM

The preceding sections establish the hardware, software, and
functional requirements for the low-cost system, and designate candidate
hardware and software items for a low-cost system. The following para-
graphs configure an example system capable of meeting the requirements
and design goals as previously described.

7.1 MIAINFRAME AND PERIPHERALS

The example CPU, the 3LEC VAX 11/780, is ca!able of adequately but
not extravagantly fulfil1ing the requirements for the low-cost CAI/C?'I
systeri. The example system will include mainframe and peripherals as
fol lows:

Cost Monthly
Maintenance

One standard
VAX 11/780 package
with:

1. 512K bytes of memory.
2. One RUP06 176 million

byte disk drive with
MASSBIUS adapter.

3. One TEF16 45 inch/second
tape transport with
MASSBUS adapter.

4. One PZ11-A asynchronous
multiplexer for 8 lines.

5. One LA36 OLCwriter II
console. $185,000 $827

Additional equipment to
meet hardware requirements:

1. One MS 7t1)DB 512K
byte e'10ory exp),'ns ion. 2?,O00110

2. One MS7?1101 1 ,024K
byte nievory vxpans ion. 35, 000 :20

3. One REM03-AA 67 million
byte disk unit
with ?MASSBUS adapter. 25,000 170

4. One TEI6-AE 45 i:)ch!
second tape transport. 11,29,

5. One IPHI-BA 9tb character-
660 1•ine/!1/mnjte printer. '5,.700 IS"5

h, Onn 0711-n asynchronous
inul ti plexer for 8 ines. 1 ,800 21



Monthly
Cost Maintenance

7. Three D)ZIl-E asynchronous

multiplexers for 16 lines
at S3,850. $ 11,550 $ 75

S. One H9602-DF 'NIBUS
optiors cabinet. 2,300 none

Totals $319,640 $1,668

7.2 TERMINALS

The "typical" system configuration (section 6.1.2) includes 9

administrative terminals, 40 alpiianumeric text terminals, 7 low
resolution graphics/color terminals, 3 high resolution graphics
terminals, and 5 management terminal sites. If the administrative
terminals are the same as the student text terminals (a feature that is
reconnended to facilitate substitutions in case of failure), terminal
requirements become (a) 49 alphanumeric terminals, (b) 7 limited
graphics/color terminals, (c) 3 high resolution grauhics terminals,
and (d) 5 manaqement terminal sites.

From section 4.2.5, the example alphanumeric text terminal is t.le
ADDS Reqent 100 with function key option. The example low resolution
qraphics/color terminal is the Intecolor 8001G with lower case and
function keys. The example high resolution graphics terminal is the
Tektronix 4025 with 8192 words of graphics menory. The costs for stu-
dent and administrative terminals for the "typical" configuration are:

49 ADDS Regent 100 at $1100 = $53,900

7 Intecolor 8001G at $2700 ý $18,900

3 Tektronix 4025 at $4495 = $13,485

$86,285

For purnoses of configuring an example system, it is assumed that
each of the five management terminal sites will consist of an OPSCAN 17
optical forms reader, a Teletype Model 40 ROP printer, a Diaital [quio-
ment Cnrporation LSI-1l mini-computer with peripheral cards, and various
displays, push buttons, and specially designed circuitry. [ach such
teifiillal Will cubt approxiiately $26,000. lotal cost tor the five
manaqement terminal sites will be:

5 Special r.anagement Terminals at $26,000 = $130,000.
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7.3 COMMUNICATION SYSTEM

A 64-port system for 59 student and administrative terminals and
five management terminal sites is required for the example system. It
is assumed that four buildings (work areas) will be used in the oper-
ational low-cost system, with the computer and some classroom space
in une of the buildings. To provide communications to the three remote
buildings, three statistical multiplexer systems, each handling 16
terminals, will be used. The computer building is assumed to have 16
terminals connected directly to the network processing equipment of the
computer.

The configuration to each of the remote buildings will include a
pair of 16-channel statistical multiplexers (one at the host computer
and one in the remote building connected to the terminals), a pair of
short-haul modems (one at each multiplexer) operating at 9600 bits per
second, and two twisted pair telephone lines. The entire conmunications
configuration will then consist of six statistical multiplexers, six
short-haul modems, and six pairs of Government furnished, twisted pair,
dedicated telephone lines. Using the 9inital Commnunications Associates
(DCA) Smart/Mux 115 statistical multiplexers and the Snytech LDM-7296
short-haul modems (section 4.4.2), the cost of the example corinunication
system is:

6 OCA Sitirt/Mux 115 at $4300 = $25,800
6 Syntech LDM-7296 at $ 690 = $ 4,140

s$2q,940

7.4 LIFE CYCLE COSTS

The initial cost of the hardware represents only tnart of the total
cost. Some changes in the facilities, organization, and courseware will
add to the initial cost. Dluring the lifetime of the system, costs will
be incurred for maintenance and supnort, materials and supplies, enervy
used, and initial, as well as some continuing, training for personnel
using the system.

Eight years is used as the total life of the system. Costs for
V_ hardware and software maintenance and support are estimated and

escalated for those 8 years. Sonme cost-.' could not be established
because of lack of required infnrmation. For example, courseware costs
cannot be established unless detailed information aSnut the target
courses is known. Also, costs per work hour cannot be established with-
out details of the internal costs cf the organization furnishinq the
manpower. In these cases, then, o work hour estimate without dollar
costs was established.

The following paragraphs indicate how the calculations were carried
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out, and show estimates in work hours for the identified tas4s. Where
appropriate, quantity discounts (over 10 ,units) are included. However,
savings front original equipment manufacturer (OEM) aqreeiiunts, which
might be effected on all equiprient, are not included.

7.4.1 Mainframe and Peripheral Hardware

Initial costs of the computer mainframe and peripherals (not
including terminals and coninunication equipment) are listed below.
Maintenance costs for successive years are calculated by increasing each
previous year's cost by o", the percentage of increase roj.iected by
Digital Eqripnent Corporation for salary and spare parts in, reasos.

Initial Cost (Section 7.1 above) $31")64o
Year 1 maintenance cost ;'0,o1 o(
Year 2 maintenarnce cost 21 I,2I
Year 3 maintenance cost 2".489
Year 4 maintenance cost 23 ,839
Year 5 maintenance cost 25,269
Year 6 maintenance cost .. ,7,8
Year" 7 maintenance cost 28,392
Year 8 maintenance cost 30,095

Total z; year cost S517,741

7.4.2 Sottware pcvevlopmenrt

The two miai, areas of solftware development for thi low-cost
sys0tel are the tra;nsportability of the AIS deve loped software and the
additional applications pro(rams necessary to nmeet the tunctional
requirements of the low-cost system. The t ranslport a) i1itV of the AP,
CAMIL software is presently beinq carried out. by the Mclk'Innell lk) ttla•
Astronautics Coompany. Tme additional appllications software is estinlatod
to represent three work years of effert. This figire includes all
functioný reconinended for the low-cost systvem (Appendi x C) and not pro-
vided by current AIS applications software, except interfacinq with
other Air Force managenent systems.

7.4.3 Software Maintenance

For purposes of estimatinq the cost of maintainingn the soft-
ware of the example systein, one full t im'.e appl ication programunIer and one
full time syste-i orogrammer are includ, i. The maintenance will include
minor improvements to the software as well as corrections to faulty
software (due to prog,'anii.nq errors in the initial software).

Should expansion of the reconiminded system occur at one Air iIr(:,
base, the two software maintenance personnel described in the precedinq
paragraph could maintain four systems. Because the additional systems
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are duplicates of the initial system, changes or corrections made to
one can easily be applied to the remaining systems.

If multiple versions of the initial system should be implemented at
various bases, additional software maintenance personnel would be re-
quired. Two maintenance personnel would be necessary at the initial
base, as described above, with one additional application proqrammer at
each additional base to implement the modifications deternined by the
personnel at the initial base.

7.4.4 Operations

When hundreds of students and instructors enter data into a
computer, "foul-ups" are inevitable. This, plus software and hardware
failures, establishes a need for monitoring. AIS experience confirms
the need for monitors to be located in the classrooms near the terminal
areas and in the computer room.

One person with a thorough knowledge of the operation of the
computer system, stationed neat, the terminals, can greatly improve the
operation of the system and save on instructor hours. This person
should be available at the terminal for correctinq minor student/
computer interface problems. This frees the instructor to handle the
student's instructional problems. This person also is responsible for
keeping the terminals in workinq order, and for calling nmintenance
with any of the more difficult operational problems. The number of
persons required for this task depends on the locations of the
terminals. If several management terminals are located near each other,
one person call handle problems at several terminals. As physical
separation grows, additional people are needed. This report assumes
that the user group will furnish these personnel and that they will be
trained as needed (section 7.4.10).

Computer operators are needed at central site to 1o0,4 tapes,
answer maintenance calls, keep reC:ords, ind geierally i1110 itor cotitna telr
operations. Since this system is a production systeiL, it is expected
that operatur intervention will be miniiial. Liimitinq 11atch .obs dnd
other tasks that reouire operator intervention, to specified times of
day furt her iii nimizes the arpowrr requirement. 1t, effort per system
can be minimiized if the maainframnes for s;everal low-cost system,' are
located near eatch other. For cost estinkItion purposes, one o,)Prator per
system per shift and one additional backut) operator art-, included.

7,4.', lerniiiial and 1onvititun :cation Lquipii'nt

T1he tertmi .l s and. ,'n ,iolliii(ii tioln equii'io tnt rteqtii i'o. for a
"typikc-l" low-cost UI1/ 141 system c,)tfitlura t ion arte as follows s.are
p,.rts requirem, its are listed in section 7.4.6):
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49 ADDS Reqent 1nO at $ 1100 = $ 53,900
7 Intecolor 00IG at $ 2700 = $ 13,900
3 Tektronix 4025 at $ 4495 = $ 13,4935
6 DCA Smart/Mux 115 at $ 4300 z$ 25,800
b Syntech LDM-7296 at $ 690 = $ 6,140
5 Management Terminals at $26000 = $130,000

Total Purchase Price S24o,2?5

7.4.6 Terminal and Coiir~unication Equipment Maintenance

Because of the proliferation of equipment from different
vendors, it is not practical to Procure maintenance contracts from each
inaividudl vendor. Most nianufacturers require that t:Aalfunctionincl
.2quirFment be delivered to their own service centers. The manufacturer-
service approach generally means

1. High cost per unit maintenance contracts (usually 3/44 to 1,
of purchase price per rmonth).

2. Shipping or travel tiqie deldys.

3. A requirement for many complete unit spares.

The reco,mmended maintenance approach is to provide an on-site
repair capability for non-mainframe equip,-*nt. The primary duty of
these personnel is to maintain individual CRT terminals, corclunication
equipment, and mnagement terminal peripheral equipment (such as the
forms reader, controller, and printer) by troubleshooting the equipment
an] rellacinq nalfunctioninq printed circuit boards or individual com-
ponents. Seconjar-/ duties include accepting troubl, calls from class-
rooms, and locating and replacing malafunctioning equil,,"ent. F.•r cost
estimation purposes, 4 work years per year are included for these tasks.

Usina the on-site miintenance personnel approach, a supoly of
spare parts is tieeded for CRT ter;iinals, corr.unicetion equipment, and
rmananement ter",inAl component equijinent such as mark readers, con-
trollers, and printers. To cover spare parts. for all equipment except
the printers, a spare parts budget of 7". of purchase price per year is
called for. AIS experience ineicites that the heavily used mech'Inical
printers require a 25x per year bud(get, since the entire printer miust
be replaced approximately every 4 years.

Using a rate of 7' of purchase price per year for a spare pirts
budget for non-mainframe equipment except manaoement terminal printers,
which are figured at a 25% annual budget, the first year costs are as
follows:
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I
49 ADDS Regent 100 at $ 77 z $ 3,773

7 Intecolor 8001G at $ 189 = $ 1,323
3 Tektronix 4025 at $ 315 = $ 945
6 DCA Smart/Mux 115 at $ 301 = $ 1,806
6 Syntech LDM-7296 at $ 48 =$ 288
5 Management Terminals--

Non-printer equipment at $1540 = $ 7,700
Printers (257 rate) at $1000 -S 5,000

First Year Spare Parts Cost
of Non-tiainframe Peripherals $20,835

U'sing an appreciation rate of 7.5% per year for the increase in
cost of replacemenL parts, the spare parts budget for the first 8 years
would be as follows:

For year 1, The spare parts cost is $20,835
Fur year 2, the spare parts cost is $22,398
For year 3, the spare parts cost is S24,078
For year 4, the spare parts cost is S26,67t,
For year I', the spare pdrts cost is $23,677
For year 6, the spare parts cost is $30,828
For year 7, the spare parts cost is $33,140
For year 8, the spare parts cost is $35,625

Total spare parts appreciated cost is $222,257

7.4.7 Facility Requirements

Installing a computerized training system in a resident
technical trainino environment sometimes necessitates facility changes.
Tiie changes that are necessary depend, of course, on the existing
physical plant, cowr-uter location, amount of mediated material, and many
other factors. Without known parnmeters, it can only be stated here
that the ideal situation is large learning centers located close to the
management terminals and as close as possible 0 the computer room.
The size of computer room needed for this installation is approximately
350 square feet. The computer room must be air conditioned to maintain
approximately 70 degrees F with a 43,30) BTU per hour load.

7.4.."ý Enercy Require:nents

The energy requirements for the system con~sist of the direct
electrical consumption for mainframe, periphercils, Ond termiin•i s, dnd
the air conditioning fur the computer room. Toe total direct electrical
power requirement is 29 KWH per oierating hoor. The air conditioning
requirement is for 4,3,000 BTb per hour.
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7.4.9 Courseware Development

Introj'ucitig .3 CB1 system inoU an on-poing course of instruc-
tion will, almost olways, entail costs for changing courseware. These
chdnqces will vary greatly depending on toie existiro enviroiiiment. For
exaimple, in extreiriely important factor is w~hethir d cotirse is currently
self-paced, Without definition of target cours'?s, these costs nave :iot
been estimated.

Th~e success of any systein is largely dependent upon tOe
sophisti~ation of its users. To this end, training costs should be in-
clided in the life cycle costs. Fxperience. with tho operation of the
A'iS has identified s,-verxil categories of training that are hiqhl~
recoviuended. The levels of trainino ind Ltie estiiiated hours of itr-
ticn are as follows:

1 . The Deputy Coiuanirder for, Tra~ini;nq (TTC/TT) and subordinate
divisions, e.gj., the Plans and Requiremnents riivisiun (TTCX),
cjniLitute tne upper level oif local t~raininq administration
311 1!J~n,3qemhenir. lraininn, at this level should consist of a
systein overview arid will require approximately 6 instructional
hours. Technical Training Group Continanders arid per srnnel of
their Resource Manatlemen, Sections kTTCC) s~ioulo also receive
tr-pininq at least equal t.) that proviaed TTC/TT.

2. gr-ancl Chiefs and course supervisors are the next level of'
training man3ieiiient ind should receive a riore complete pre-
sentation of the aspects of the systeri. This level will require
a,,proxfinately 50 instructional hours.

3. Curricula and Instruction ,.nd Measurement personnel should
receive tr-aining in the evaluation aspects of the system. This
training will require approximately 126~ instructional hocurs.

4. Instructor siipervi sors and ins tructors shioul d be tra ined in
the operational aspects of the systei.i. The iinýtructor s~iper-
visoirs should receive approximately 9 ins-,ructional hours, idd
the instructors shoulo receive approxiiiately LO hours of
inst~ruct ion.

b. Courtse Datd 6ase Mianagei' 6nd Student Control personnel should
receive instriction on manipulating the course data base to fit
course organization and neeois, The data manager will be
expected to make all data base rhjajnqs and shnoulud ceceive 1-10
hours ot training. The student control per-son will work
directly in the day-to-day operations with the students dald
showl(! receivo It' hours of training.



6. School Data Base Hlanageeent personnel should receive more
global training, becoming faniliar with all courses and pro-
vidinq leadership and services in such areas as strategies,
studeiit management, documentation trainingj, and course
liaison. This training should be approxiriately 400 hours.

7.4.11 SLipplios

Tne necessary consu,,iable supp.e.s, used mainIly w-th tP
mandietlent terminals and off-line testing, ar': (a) central site Pmiliter
paper, (b) managei1~ent terminal printer !)per, (c) student test fot-v.s,
aald (d) nilscellaneous supplies, such as printer ribbons, computer capes,
disk oacks, tools, and cleaning supplies. [stiwmates of these cast5 jr-e
based upon curtent experience with AIS in usage per on-line student.
The number of stuoents on-line is assumed Zo be 5£U0 per shift wltit two
shifts. The estimated costs of these supplies are based on the followinq
assu.nptions:

1. Test forr usage is estimated based on the assumption of five
transactions/student/shift. Total forms -,sage is then c•lcu-
fated ')y assuming ^50 training days per year, with 31.. waste
and failure. Total yearly cost: S19,500.

.rne -ient terinal printer pa',er costs are estimated by uSinl,_1
the five transactioos/is'ift figure. The yearly cost: o6,Po.

j. Central site crinter paper usage is estimated by assuning O•.t
a produc-ion system will not have soft,;are developrient. tiSýqe
will include CMI reports, CAI eu'horinq and evaluation, co)Ursf
materials development, and other •d•;iristrotive and evaluaitio
usage. Usage is estimated at 20 cf carrent AIS usaqe. Tot, I
yearly cost: $6,000.

4. 14agnetic tapes and disk packs will be needed at toe ctntral
site for data star-ale arm backup. It is estiw:ated .tiat 5,.J30 per

year vil be required for tapes. Four extra disk packs shotld
be purc'iased the first year and an dverage of cne jer ycar-
thereafter. Tiese costs are detailed below.

!st year $2,7t0
2tid through 8th jeer $673 per year

5. ,liscel1aneous supplics iacluao needs for day-to-day oper ti j.s
such as tools, bench stock, ClVdnlinQ aterials, pri,•ter r'bhO
etc. The ?Sti"1At(-d yer,' ms,, ,,nz3•s uip, v cu, t: CiSL;:3,

The su:;oiary ,•- supply costs, escalateu at 7.5 pcr year, is s5hpe:
hel cw.
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Ist year S36,100
2nd year $38,915
3rd year $41,833
4th year $44,970
5th year $48,342
6th year $51,967
7th year $55,864
8th year $60,0E3
TOTAL for 3 years $373,144.

7.4.12 Cost Sunmnary

Total Recurring
8 Year Costs,

Paragraph/Title Ccst For Per Year
One System

7.4.1 Mainframe & Peripheral Hardware $517,741
7,4.2 Software Development 3 MY
7.4.3 Software Maintenancc 16 MY* 2 MlY*
7.4.4 Operations 16 11Y* 2 MlY*
7.4.5 Terminal & ConinunicaLion

Equipment $246,225
7.4.6 Terminal & Conmmunication

Maintenance $222,257 S27,782
32 MY 4 MY

7.4.7 Facility Requirements 350 sq. ft.
for Computer Room

7.4.8 [nergy Requirements, 928 PIWH 116 MWI
two sh!ift opcration 1536 INBTU 132 MBTU

7.4.9 Course Development Unknown -----
7.4.10 Training Unknown** ----
7.4.11 Supplies $378,144 •47,268

SYSTEM LIFE CYCLE COSTS:
Hardware & Supplies $1,364,367 $75,050
Manpower 67 MY 8 MY

* Additional systems, if co-located with a first system, could share
personnel.

** Required hours will depend on personnel turnover rates.

8.0 CONCLUSIONS

The principal components of a dedicated local system will include

0 Computer and peripherals.

Student and administrative terminals--alphanumerics, graphics/
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0 color, and high resolution graphics.Management devices--forms reader, printer, and controller.
0 Communications network.
0 Software.

An operationally configured dedicated local system, to support 500students per shift on CMI and CAI in resident technical training, can beacquired for approximately $500,000 (1979).

I
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APPENDIX A

LISTING OF CAI/CMI FUNCTIONS FOR SURVEY

I. STUDENT TESTING AND EVALUATION - Using the computer to assist the
instructor in evaluating the student. The tests which are read e.nd
scored by the computer can include, for example, aptitude tests, lesson

* or block tests, performance checks, attitude measures, or biographical
information. Questions could be true-false, multiple choice, or con-
structed response (single words, or phrases, or sentences). Students
receive quick feedback, instructors don't have to score tests or
record grades, and all test results are readily available for reports
or evaluations.

A. Test Scoring and Feedback Capabilities - The computer system
can score those tests for which test ITeys have been previously
input. The results from each test can be printed out for the
student and instructor. Questions are true-false or multiple
choice.

RATING: ___

1. Answers are scored right or wrong, and a desiqnated percent
correct is required to pass the test. RATING:

2. Total score on the test is corrected for guessing.
RATING:

3. Some questions can be weighted more heavily than others.
RATING:

4. A designated percentage of a set of objectives must be
passed in order to pass the test, for example 3 out of 5
objecti v,-. RATING:

5. A specific objective or objectives must be pdssd in o-der'
to pass the test. RAWING:

6. A specific question must be passed in order to pass the
objective (or the test). RATING:

7. Performance checklists, as completed by the instructor, can
be scored by the computer. RATING:

B. An instructor can bypass a test by "certifying" that the
student knows the material. RATING:

B. A6dItiotal On-Lute Te-sL11 C aWblities - Students can be tested
on--Tine at a omplutrte rmlnaF.The order of questions and the
sequence of alternate answers for each question can be scrambled
automa'Idtically for each test administration. On retesting after

6
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an initial failure, retest can be on only the failed objectives.
Questions can be true-false, multiple choice, or constructed
response (English words). The anmunt of testing can be depen-
dent on the student's earlier performance in the course or on
this test. RATING:

1. Random presentation order for questions. RATING:

2. Random presentation order of alternative
answers. RATING:

3. Retesting is only over failed objectives. RATING:

4. Questions can require constructed response
(English) answers. RATING:

5. Amount of testing depends on performance on
earlier questions in this test. RATING:

6. Amount of testing depends on performance
earlier in the course. RATING:

C. Determination of Pre-Course Student Characteristics - Provides
for use of student data collected before or at the beginning of
training. Uses can include, for example, examining eliminations
as a function of aptitude and years of school or prediction of how
fast a student will complete the course. RATING:

1. Computer storage and retrieval of relevant Air Force
personnel data - for example, ASVAB or AFQT scores,
or biographical data such as previous schooling.

RATING:

2. Storage and Retrieval of Student's Prior Knowledge
of Course, Block, or Lesson Objectives - scores on
criterion-referenced pretests or other measures of
training objectives. RATING:

3. Storage and Retrieval of Student's Learning Process Skills -
for example, any ability, attitude or interest type measures
such as reading comprehension, study habits, etc.

RATING:

4. Storage and Retrieval of Student's Course-Specific Critical
Entry Skills - for example-, aptitudes, abilities and inter-
ests that are specifically related to success in a par-
ticular training specialty, such as matheimatical ability
or interest in the career field. RATING:



0. Determination of Within-Course Student Attitudes and Interests -

P-"iT{odes for use of attitude or interest data collected n thie
course of training. Uses could include evaluation of instruc-
tional materials or procedures, prediction of completion tinms
or rates of progress, and prediction of field perfortnance.

RATING:

1. Storage and Retrieval of Student's Pre- and Post-Course
Attitudes - for example, student's attitudes toward
training, materials, or methods. RATING:

.. Storage and Retrieval of Changes in Interests or Attitudes
During Training - for example, periodic questionnaires to
assess interests in the training itself, or the media.

RATING:

1I. STUDENT ASSIGNMENT (IN SELF-PACED COURSES) - Use of the computer to
assign trainees to lessons, tests, or other instructional alternatives.
The assignments can be based on considerations of lesson content, avail-
able resources, student characteristics, or student performance data.
Students receive their next assignment iilie(iiately after completing
their preceding lesson, and training resources are scheduled for
optimal usage.

A. Assignment to Alternative Course Versions - Course versions
which differ as to content (perhaps for different shredouts of
a specialty, or to test and implement new training materials)
can be established. A student enrolled in a particular course
version will be assigned only the materials for that version.

RATING: G _:

B. Determination of the Order of Assignments - The computer takes
into account various classes of informlation in determinino what
to assign llext to a trainee. Tile information considered can
include, for example, work the trainee has completed to date,
the trainee's rate of orogress to date, availability of instruc-
tionail resources, and requiremerts to assemble a team of
trainees for a training task. RATING:

1. Order of assignments based on lessons completed to date.
RATING:

Order of assiqomlents based on performance (time and
scores) on earlier lessons. RATING:

3. Order of ass isjnments based on availablility of renou'ces.
RAT I NG:

,I. Order of asS inifents balsed 00 c,5 1idora t.i 00 of assemnhl i ni

,I toearn of trainoeOs for a team task. RATIN•



5. Order of ass innments determined b1v I lowino instru'ctor t (
pick from available lessons. PATING:

C. Asj~riient to Alternate lessons - Provides for student a-siqn-
ment to av--labTternate n~6~ia (e.i. , printed vs. audio-
visual media) or alterna'.e versinns (e.,., easy versus difficult).

RATING:

1. Based on Instructor Selection - in structors select alter-
nates based on their assessmert of the student's needs.

RAT ING:

2. Based on Student Selection - students seloct , fro-m 1 ii of
SVa i Y1ah•le-aat-er-ate itie-d -a or lessons * the pa rtil (:I) II one ( t
the, prefer. AII N( G

3. Based on Resource Availalhilit_ y - computer 1,rmiram v.akes t he
-- c-on t-o--a--part-u edia or loscon on the basis of

availability. RAT I l(G:

4. Based on Within-Course Student Performance - corl'lter n ro-
a) t ea ' cts a particular mod ii or lesson on the hasis of

the .tudent's prior test scorev , t ir•,os-to-ci•,mlplete, or
within-course motivation/int.erest.

RAI IN:

5. Based on Pre-Course Student Characteristics - comlpj)uter pi-o-
grmseecsapt- m~-:•oTh, or •le son on tihe has 1. o•f

the student's qenoral aptitudes, abilities, attitudes,
interests or other pre-course data. RAT I IN•- _:

6. CompjLuter_ Selections Based on Lo•.ic__ RI.e: - simple
"if.. then" logical rules are used in the select, ion (f media
or lessons. P.AI IN(:

7. Computer Selections Based on Performance P|'ndicLions -

-u-ntc-ar-a-ters tic-s and- iperformance a-re u-se-d to I,,Ledi( t
which media or lesson is best for a (liven student.

RATI ING: . .

U. Assignnmnt to Alternative Remediation Activities - Provides for
a-ss 1 gnme nt s to ava i~bie- altrn-a-t-e- r'em•e-da-t- -on ia en ,'i ai Is a n(

media (e.o., CAI reviews, instructor tutorials, etc.).
PAl ING;:

Lessons - the computer assi(qns each student to the host
avail-able remediation alternative for second and subsequent
atteil-ts to master lesson objectives. RAT IN(:
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2. Lesson Groups - the computer assigns the best available
reme&Fation alternatives to each student who is having
difficulty mastering the objectives in a related group
of lessons. RATING:

3. Block or Course Level - the computer assigns the best avail-
able remediation alternatives to each student who is having
difficulty mastering block or course level objectives.

RATING:

E. Test Selection and Assignment - Different forms of the tests
can be selected and assig nedby the compute-. The computer
can also determine if a particular trainee .0ould take an on-
line (CAI) or an off-line (paper and penciil i_,rsion of a test.

RAl I 1•S:

1. Assign the different forms of a test at random.
RATING:

2. Exclude versions that were taken by the trainee on an
earlier attempt. RATING:

3. Computer determines whether to assign on-line or off-line
version of test. RATING:

F. Assignment to Supplemntary Skill Training at Course Entry -
Provides for assigning those students identifie as having
deficiencies in critical entry or learning skill areas to
supplementary or remedial skill training. Students would be
assigned in these areas prior to beginning training or early
in the training process by specialized materials or instruc-
tional procedures. RATING:

1. Based on Critical Entry Skill Assessment - for example,
students wou be assigned to materia-T-to improve their
reading skills or mathematical skills prior to beginning
training. RATING:

2. Based on Deficient Learninn Skills Assessment - for example,
students would be assigned to materials to remedy defi-
ciencies in general study habits and skills, including con-
centration skills, memorization skills, and test taking
skills. RATING:

G. Additional Resource Management Considerations - The system can
We-ereine which resources are needed-y-a- lesson, if they are
available, and where they are located. Managed resources can
include classroom spaces, lesson materials, mGdid devihx, wotk
stations, simulators, and other training equipment. Students
can be assigned in a manner that will even out the distribution
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of students throughout the course and that will attempt to keep
as many assignment options available for the student as possible.

RATING:

1. Student assignment to the learning center or class;,oor
with the most room (other instructional considerations
being equal). RATING:

2. Student assignment to blocks of instruction to achieve
an optimal distribution among blocks (other instructional
considerations being equal). RATING:

3. Capability to assign students to resources that are outside
their own learning center or classroom (that is, capability
to share resources among several classrooms).

RATING:

IlI. STUDENT PROGRESS MANAGEMENT - Computer-based capabilities to
support the management of a trainee's progress through a self-paced
training process. These capabilities range from simple scheduling to
sophisticated progress prediction and management. Both the student and
instructor know how the student is progressing at all times - on
schedule, ahead, or behind.

A. Scheduling Student Entries into the Course - Notifying the
student squadron or other authority as to which students can
start the course each day based on available space in the
starting block or blocks. RATING:

B. Graduation Forecasting - Predicting, on the basis of the stu-
dent's performuance in the course, the date on whi,-h he will
complete the course, barring subsequent absences. Predicted
graduation dates can be shown on the Learning Center rosttrw
and special reports can list the students predicted to graduate
within a specified number of days. Required out-processinq
activities can be scheduled, reports for the Base Personnel
office can be prepared, or the System can be directly inter-
faced to the Personnel Computer System. RATI NG:

1. Predicted graduation date shown on roster RATING:

2. Predicted graduation dates within a specified
number of days are available by special report

RATING:

3. System-generated reports to Base Personnel Office
RATING:

4. Direct interface to Base Personnel Computer System
RATING:
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5. System scheduling of out-processing activities
RATING:

C. Monitoring and Management of Student Progress to a Target -
S�Establishing a target completion date, for the whole course or

for individual blocks for each student on the basis of pre-
course characteristics (e.g., ASVAB or Pre-course test scores)
or performance In the early tlocks of the course. Both the
student and the instructor will receive feedback on the stu-
dent's progress relative to his target. Targets can be made
relative to either average actual course length or the POI
c6urse length. RATING:

1. Targets and management printouts addressing the whole
course. RATING: _

2. Targets and management printouts addressing individual
blocks. RATING:

3. Use of pre-course data in establishing target dates.
RATING:

4. Use of within-course data in establishing target dates.
RATING:

5. Targets are established relative to average course length.
RATING:

6. Targets are established relative to POI course length.
RATING:

IV. SUPPORT FOR GUIDANCE AND COUNSELING - Computer-based capabilities
to support student guidance and counseling by instructors and course
management personnel. These capabilities can be based on identifying
entry skill deficiencies, deficiencies in within-course performance, or
both. Instructors can quickly determine which students need counseling,
and can retrieve from the computer the information needed to give mean-
ingful guidance to the student.

A. Identification of Students Needing Special Attention at Course
F, Entry - Provides for the identification and reporting of stu-

dents expected to be proficient or deficient with respect to
mastery of course or training objectives. This identification
and reporting is initiated at the beginning of the traininqI
process to focus guidance and counselinq functions on those
students most in need of special training procedures,

RATING:
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1. Students Flagged on Pre-determined Entry Variables - for
example, a list of students measured as proficient or as
deficient on precourse assessments can be printed.

RATING:

2. Proficient and Deficient Student Scores Printed - besides
listing '.students expected to be proficient or deficient,
their scores on selected critical entry skill variables
(e.g., reading, math, study skills) can also be printed.

RATING:

3. Scores for All Students on Critical Entry Variables Printed -
a report which includes the scores of all students on those
variahles identified as critical entry skills, flagqinq
those student scores wiich are deficient. Allows extra
capability to watch students who may be marginal.

RATINIG:

4. Proficient and Deficient Student Predicted Completion Tiiis
Printed - in addition to the j gToregoinq information, ttThei
predicted training completion times can be printed for those
students expected to be proficient or defici,;;t in iiasteritii
traiir;ng objectives. RATING:

B. Identification of Marginal Student Performance Within-Course -

Provi-des fTor the identification and reporting of students
expected to have difficulty mastering training objectives.
Identification and reporting are initiated durir, triining to
direct special help to those students most in need of it.

RATING:

1. Students Flagged on Pre-determined Time and Score Variables -

for example, a list of those students exceeding predetermined
training time cut-offs, or scoring below predeterminedcriterion levels on training objectives, can be printed.

RAT ING :

2. Tines and Scores for Marginal Students Printed - for
example, besides listing students whose performance in
training is marginal, their actual time and score data can
also be printed. RATING:

3. Students Identified for Possible Elimination from Training-
of students listed as marginal, those whose time er score
data are below course-established minimuILis for acceptable
performance would be flagged as possible candidates for
elimination. RATING:

4. Students Identified for Specialized Remedial Training-
students identified as marginal on the basis of their train-
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ing tinies or scores receive specialized remedial traiining
assignments (e.g., to special instructor tutoridls,
rtvediation sessions out-of-class, or special skill training
for remedying learning or stuay skills weaknesses).

RATING:

V. COMPUTER-AIDED INSTRUCTIOq (CAI) - Lesson materials are stored in
the computer, and on request are displayed to a trainee for study. The
stored materials can include text, questions, and graphics. The trainee
mzny interact with the cc,,-puter through a keyboard, Ly pointing (touch
panel), or 0ith a light pen (pointing to or drawing oil the display
screen). Student interaction can range fromi "turnin,. the pages" on up
through very sophisticated exchanges - for example, in simnulated trouble-
shooting, various information can be requested from tile computer, and
various solutions can be tested.

A. CAI Applications - There are five different ways in which CAI
can e used in Air Force training: drill and practice -
practice with correction and guidance of basic skills and
knowledges learned via other media; tutorial - the use of CA'
for particular whole lessons which are particularly difficult;
simulation - use of CAl to simulate equipment or processes and
to teach students to use the equipment or follow the process;
review and remediation - use of CAI to quickly review the con-
tent of a block prior to a block test or to remediate over
failed objectives following a Hlock test failure; and study
skills - use of CAI to teach specific study skills to students
who are deficient in tiese areas. RATING:

1. Drill and Practice CAI in your trainin(g area. RAT ING:

;. Tutorial CAI in your training area. RATING:

3. Simulation CAI in your training area. RATING:

4. CAI for Block Review prior to the block test.
RATING:

5. CAI for Block Remediation after a failure. RATING:

6. CAI for teaching study skills. RATING:

B. CAI Capabilities - Regardless of the particular- applications,
the sophistication of the CAI capability can vary from lean to
rich. The most basic CA! system would present text, and allow
input to multiple-choice questions via a typewriter keyboard.
The CAI programs would contain the capability to adapt to the
student's responses but they would not access other information
about the student stored in the computer. A richer CAI system
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will support graphics (line drawings) as well as text, allow
students to enter constructed-responke (open-ended) answers, to
respond by touching the screen (using a touch-sensitive
surface), or with a light-sensitive pointer (light pen),
control a supplementary slide or film-strip presentation,
control an audio tape, and retrieve other information about
the student from the data base to allow more adaptive
instruction.

1. Basic CAI - presenting text, and allowing input to multiple
choice questions from a keyboard. Has the capabiliLy to
adapt to thp answers, but does not access other infonration
about the student. RATING:

2. Adoing graphics capability to the basic CAl.
RATING:

3. Adding constructed response test itevis (English
answers) to the basic CAl. RATING:

4. Adding touch-sensitive or light pen capability.
RAT I N :

6. Adding audio tape control to basic CAI - can
present voice accompaniment during selected
parts of the lesson. RATING:

6. Adding computer control over a slide or filmstrip
projector - can present supplenentary visual material
to accompanv the CAI display in designated parts of
the lesson. RATING:

7. Providing additional student information fron the
computer data base - for examole ASVAB or AFQT scnres,
reaint, ability scores, or piri,,-ance on an earlier
'Psson - to increase the sophistication of adapting
the CAI oroaram to the studert's ahilities and interests.

RATING:

C. On-line Learninc Process or Specialized Skill Tr.inino - Pre-
sentation ofpelWzed training in a hiqT'v interactive,
computer-assisted fcrmat to either students or instructors. In
the case of students, the on-line materials vould be de i,:npd
for learning skill training (e.g., study hahits and skills,
test-taking skills, memorization skills) for those stucieits
identified as needing this tr.iining. In the case of insti-,tc-
toLs, the uo-line materials would be designed to triin i
diagnostic, tutorial, or other counseling skills for t,,os.
instructors who vo)ljnteer or are selected for tt~i., traini,itl

RA•T I ',G
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1. On-line Student Skill Training - for example, for students
identified as deficient in critical entry skills or as
having marginal within-course performance, assignment to
specialized on-line materials would be provided.

RATING:

2. On-line Instructor Skill Trainino -'for example, for in-
structors who volunteer or are selected for specialized
skill/role training, assignment to specialized on-line
training materials and sequences would be provided.

PAT I ING:

I. CMI DATA BASE AND CAI MATERIALS PRODUCTION AND MAINTENANCE - To
erform any training functions, the computer must be informed about the
rainees (nanme, social security number, course, etc.), the course
tructure (tests, lessons, resources, allowable sequences of lessons,
tc.), and student performance (lessons completed, test scores, block
ompletion times, etc.). The CMI Data Base refers to entry, storage,
nd maintenance of this infornation.

In the case of Comouter Assisted Instruction (CAI), all of the
esson inforiiation (text, questions, graphics, branching instructions,
tc.) must be stored in the computer. CAI Materials Production and
aintenarce refers to entry storage and maintenance of this information.

A. CMI Course Definition Data _ase Editinq - Used by course person-
nel to enter the information that describes the course structure
to the computer. This editing should be easy to accomplish and
easy to modify. It can be an off-line card based system (course
personnel describe the course structure on paper, and later
receive a printout listing what has been entered into the data
base), or can run on-line (course personnel at a computer
terminal enter, display, and change the infovriation directly).
Te facilitate use, the on-line system can use graphics to dis-
play the course structure (the allowable paths through the
lesson materials).

1. Making the system on-line, rather than the off-line
card based approach. RATING:

2. Usino qraphics to display the course structure, rather
than relying completely on words. RATINJG:

B. Automatic Validation of Course Data Base !ntegrity - %aiability
to check automnatic1a-T if all reqjired data base r.cords to
describe the course are present, and consistent. When a new
course or course version is imniemerted, or an existinq one is
changed, all of the lessons, tests, and blocks must he in the
data base. This capability will autoriatically check for
completeeress RATING: ___
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C. Editors for Production of On-line Tests - If the System includes
te 6-ca-p-ab1ity for oý-Inetesting, a means niust be provided to
enter the test questions and their alternatives into the
computer system's data base - a Test Item Editor. The simplest
form of the Editor would allowv the authcr to type in text. Add-
itional features would format the test question for the .3uthor,
allow the author to decide whether or not to randomiize the
presentation order of tcst items and of alternatives within
test items, cnntrol the riumher of attempts the student could
mlake on each itemsi and enter feedh_16, p'ess-!es to follow
correct and incorrect answers. RATING:___

1. Addinq automatiC formatting fz~r the (entr'k' of test
questions. RATING:

2. Adding author rontrol over t.'iother order of test
ite-'is and alternatives will be randomni.ed.

PAT INI

3. Adding lUthor control over the number of attep~pts
allowed on a question. WAING:

4. Adding ffedback messages for correct and incorrect
answers, at the author's option. R, ýT I N G

U. I4 Auithoring Fdi tor - I f the System inrcl udes CAIl, thereC "u1st
be a rneans of producing the CAI materiils or proqrams. The
traditional approach is to have CAI auth~ors learn at) authorinq
langUage, and use it in writing their lessons. At) alterrati .ve
is to have CAI lessons written by an author,/progranuner teaw.
These approaches require practice and experience. Another
alternative is to provide a CAI Authoring Editor which structures
the author's, task for him, provides standardized fotrnats for
te~xt frames and questions, and eliminates the need for any pro-
r~raimiing ability. The proqIram format vwoulr; not beý rigid and
alternative presentation approaches can) be provided by thle
Editlor. Instructions for using the editor can be in a manual
and in addition, instructions can be displaye~d in the [Jlitor
program itself through a HELP request. The HFLP information
can refer just to the operation of the Editor or can also
provide guidelines for good instructional practices.

~.Providing a CAI Authoring Editor, rather than requiring
CAI authors to learn the programrming languiage or work
with a programmner to construjct lessons. RATING:

2. Providino. in th~e CAI A%:thorinq Editor, automatic
fonnatting for text frames and for questions.

RATING:
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3. Providing, in the Editor, automatic structuring of
the sequence of frames and questions in the CAI
presentation. RATING:

4. Providing capability to copy text frames, questions,
and graphics from other CAI lessons. RATING:

5. Providing a HELP request to display instructions foi
using the Editor instead of relying entirely on an
instruction manual. RATING:

6. Adding guidelines for good instructional practices
as part of a HELP request at the terminal. RATING:

E. Use of Test Item and CAI Authoring Editors for Off-Line
Materials - If Test Item and CAI Authoring Editors are avail-
able, it may be useful to use them for producing tests and
instructional materials which are intended for use off-line,
e.g., regular programmed texts. The Editors can be used to
write, review, and revise the tests and materials and the final
product can be printed out ready to be reproduced. If the
nunber of copies required is not too great, multiple copies can
be printed to avoid the need for reproduction. Finally, small-
group tryouts could be conducted on-line (like CAI) to provide
more detailed information on students' reactions to the
materials. RATING:

1. Using the Test Item Editor to construct and produceoff-line tests. RATING:

2. Using t~ie CAI Authoring Editor to construct and
produce off-line lesson materials. RATING:-

3. Using Editors for review and revision if tests and
lesson materials. RATING:

4. Printing out a master copy, ready for reproduction, of
tests and materials which have been written using the
Editors. RATING:

5. Printing out multiple copies of tests and materials,
in order to bypass reproduction for small quantities.

RATING:

6. Providing capability for conducti;ig on-line small
group tryouts of materials and tests. RATING:

F. Use of On-Line Editors for Production and Maintenance of Coursen~~~ ... . 11. 1 U IU

" ,ocuments - A,) Editor- like those deý-cribed fr TFesL ite,,,s indCAI authorinq could be used for producing course documents such
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as the POI, course charts, lesson outlines, etc. The documents
would then be available at any time through the Editors for
review or revision and copies could be printed out as needed.

RA.TING:

VII. INFORMATION RETRIEVAL AND REPORTS - In a computer-based training
system, large amounts of information about trainees, courses, course
materials, tests and test items, and other parts of the system are
stored, and are available for periodic (hourly, daily, weekly,
monthly.... ) analyses and reports. These functions are intended
principally for instructors, managers, and administrators. Thpy can be
valuable to instructors who must provide management and guidance to
students. They also can be valuable in providing quality control over
students and materials, in improving the management and administration
of training, and in evaluating and improving all aspects of development
and implementation of training materials and programs.

A. Reports for Instructors - Large amounts of data can be collected
and mae-a'v-T1-leT Instructors, but the reports should be
carefully structured to meet the needs of the instruc.tors. The
reports may include: classroom rosters, suiuiiaries for specific
pdrts of the course, individual history reports, ar:d sj.iia-ies
for the cl.ssroorj. RTING:

1. LeArning Center or Classroom Rosters - Posters can be dis-
played or printed :o show many different kirds uf qnf.,rra-
tion about each of the students in, a classroonm or learning
center. The basic information would include social security
numbers, names, carrel (or position) numbers, absences,
current block, and rate of progress. RATING:

2. Individual Block Progress Reports - The computer system
can allow review of data by instructors, supervisors,
counselors, etc., via local terminals. Progress reports
can provide data for in-course counseling and can become
economical replacements for some of the current manually
prepared forms which accompany student records throughout
the course and, in some cases, beyond graduation. An
Individual Block Progress Report will summarize student
progress, times and scores, and other pertinent information.

RATING:

Information included in the b4ock progress reports can
include some or all of the following:

a) lessons completed by the student; RATING: r

b) numbers of attempts, and scores on each
attempt, on each lesson; RATING:
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c) objectives failed during the block; RATING:

d) time spent on each lesson and on the
block; RATING:

e) amount of time student is ahead or behind
schedule; RATING:

f) amount of homework student has accomplished.
RATING:

3. Individual Student History Reports - The system can provide
a large amount of additional data about an individual
student. This can include the student's scores on precourse
aptitude and interest measures, scores on critical entry
skill tests, time spent in block remediation following a
block failure, and absence times and reasons for absence.

RATING:

Information in the Individual Student History Report can

include some or all of the following:

a) attitude and interest information; RATING:

b) scores on critical entry skills; RATING:

c) time in block remediation following a block
failure; RATING:

d) lesson objectives that were failed more than
twice; RATING:

e) time absent in each block, and reasons for
absences. RATING:

4. Additional Reports on the Student -

a) Absence Report, to replace the manual absence
report; RAT I NG:

b) Homework Sunmary Report, to list lessons accomplished
as homework and to sunmarize homework time expended;

N, RATING:

c) On-line display of student data - the capability to
call up and disrlay any of the available student
information. RATING:
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B. Training Management Reports - Reports such as these are intended
for use by managers (Shift Supervisors and above) in monitoring
training activities. Potential reports include number of stu-
dents awaiting training and how long they have been waiting,
number of trainees in each block or each classroom on each base,
the distribution of completion times for blocks and the course
itself, differences in trainee performance between parallel
classrooms or bases, the extent to which instructional resources
such as carrels, equipment, and training devices are being
utilized, and summaries, by block or other unit, of trainee per-
formance.

1. Report on Students Awaiting Training; RATING:

2. Report of number of sttidents currently in each block,
classroom, or on each base; RATING:

3. The distribution of completion times for individual
blocks; RATING:

4. The distribution of course completion times;
RATING:

5. Differences in student performance across parallel
learning centers, classrooms oi- bases; RATING:

6. Reports of instructional resource (facilities,
training devices, etc.) utiliza•tion; RATING:

7. Report of utilization and performance of
instructors. RATING:

B. Sunmmary Reports of student completion times and
final grades, by block. RATING:

C. Course Evaluation Summary - Summarizes student performance on
individual lessons within blocks and on the block itself. It is
intended for use in small-group tryouts of new materials and
monitoring student performance on established materials. The
Course Evaluation Summary can contain a variety of features,
listed below. RATING:

1. First-attempt lesson and block-test scores. RATING:

2. Final lesson and block test scores. RATING:

3. Mean arnd standard deviation of first-attempt lesson
and block test scores. RATING:



4. Mean and standard deviation of final lesson and
block test scores. RATING:

5. Mean and standard deviation of first-attempt lesson
and block times. RATING:

6. Mean and standard deviation of lesson and block
completion times. RATING:

7. Separate score and time data for alternative modules
within lessons. RATING:

8. Score data broken out by objective within lessons.
RATING:

9. First-attempt lesson failure rates. RATING:

10. First-attempt objective failure rates. RATING:

11. Correlations showing the relationship between
predicted and actual lesson and block times
and scores. RATING:

12. Summarized data on lessons, modules and objectives
with first-attempt failure rates above a certain
percentage. RATING:

0. Test Item Evaluation Report - Provides detailed information on
the characteristics of block and lesson tests. It cou'd con-
tain a variety of features, listed below. RATING:

I. Rhe number (or percentage) of trainees selecting each
alternative answer to test questions. RATING: _

?. Percentage of trainees answering each question
correctly. RATING:

3. Average test score of trainees selecting each
alternative on each question. RATIN(G:

4. Flagging test questions missed by over 70 per(ent
or by none of the trainees. RAIING:

5. Item;i-remainder correlations for each question.
RATING:

6. Means and standArd devi,;oton; of bores for each
objective anid for each full test, IRATING:
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7. Distribution of scores on the full test. RATING:

8. Alpha reliability coefficient for each objective
and for the full test. RATING:

9. Criterion-referenced reliability coefficients for
each objective and for the full test. RATING:

E. CAI Evaluation Data - Since CAI involves frequent interaction
with the student, very detailed evaluation data are available
froni CAI programs. The most frequent use of this inforu:ation
would be during formative evaluation (small-group tryouts) of
the programs. A variety of capabilities are listed below.

1. Percentage of students selecting each alternative in
each question frame. RATING:

2. Percentage of students selecting each alternative
in each question frare on their first try, their
second try, etc. RATING:

3. The means and standard deviations of the time to
respond to question frames and the time to read
text frames. PAT ING:

4. Lists of unanticipated responses to constructed
response questions. RATING:

5. Lists of open-ended student coiiiients about the CAI

program. RATING:

6. Detailed records of each student's path through a
CAI program. RATING:

7. Sunmary statistics on major units of the jproqram,
such as time to complete and cumulative score.

RATING:
F. Courseware tlevelcpment Management Re 0orts - When Wditors are used

for develop1n--o--ine tests, Al materials, or tests and

materials to be used off-line, the System can capture infonrmation
about authors' work on the [dltors and the status of the
development effort. This information could then be sumrnarized
in management reports for nxnl torln9 nmaterials production.
review, revision, and imploientation. The report% could include
information such as the person re,ponsible tor developing,
reviewing, or r,,visinq A lesson, how long they have leen work- j
ing on it, how muth of the work has bten to"111 eted, and expeCted
-onpl etion date. RAI IN_;:
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G. Performance Forecast Reports - Provides field, OJT, or technical
training personnel with training Information which describes
current student performance levels or predicts how individual
students will perform in specific training areas.

RATING:

I. Pre-Service Education and/or Vocational Training - available
individual data relevant to prior education or training.

RATING:

2. Pre-Service Occupational/Job Experience - data
which reflects prior relevant job experience.

RATING:

3. Enlistment/Classification Data - data available in AF
personnel records (e.g., ASVAB scores, AFOQT or AFQT
scores). RATING:

4. In-Service Training Performance Data - for example, for
FTD or OJT nanagers, a report of 15individual student
technical training or in-service training performance
data (e.g., scores, times-to-complete). RATING:

5. AF Specialty-Related Deficiencies - for example, student
-ata on deficiencies in skills,' experiences, or abilities

relevant to that particular individual's specialty.
RATING:

6. idents' Predicted Adaptability, Performance and
[ire.ssion in Operational Field Assi gnments-o-r example,
students' in-service and pre-service data could be used to
provide reports of predicted field assignment adaptability,
perfornance and prcgression. RATING:

H. Special Purpose Rep)orts - No matter how extensive, no set of
standard reports will always be enough to answer all muanaqement
and evaluation questions. It is useful, therefore, to have dn
open-ended information retrieval capability' that can be used to
answer unexpected questions about student and System performance.
A minimal capability would permit the user to define the
variables which he wishes to look at, and the tyles of students
and time periods from which the data are to be drawn. Mhe out-
put would consist of the nunmher of cases found, and the mean,
standard deviation, and range 'or each included variable. Such
a program could be run interectively, in a minute or so, and the
results displ ayed on the user's screeC: or it Could he run a,; a
backg)round job, in a half-hour or so. and th, reLI1ts printed
out.



1. UtiIity of basic Data Retrieval Program with 'ý.vIY
background capability. RATING:

2. Utility of adding interactive (as well as back-
ground capability. RATING: ___

13. The basic data retrieval program could also be inter-
faced to one of the standard packages of statistical
programs (for exariple, SPSS, ov BMD). This would penrit
extensive analysis of student data and the capability
to answer just about any question that could be asked
about the data collected in the system. Some training
is, however, required to use these statistical packages.

RATING:
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APPENDIX B

INTRODUCTION TO SURVEY FORM AND EXPLANATION OF RATING SCALE

OPERATIONAL COMPUTER-BASED TRAINING SYSTEM REQUIREMENTS

A highly sophisticated, prototype computer-based training system has
been developed and inmlemented at Lowry AFB. This Advanced Instructional
System, or AIS, represents the state-of-the-art in both instructional
and computer technology, and has contributed to training tine savings
of 30% or more in a variety of technical training areas. As a prototype
system, however, the AIS provides Functions and capabilities that may
not be necessary in the operational training environment. To realize
the full potential of computer-based systems for Air Force training, we
want to find out what functions or capabilities will have the highest
payoff for operational training.

You have been selected to participate in this survey to determine
what functions are most valuable in your training area. Your assistance
in carefully analyzing the value of various computer-based functions is
extremely i0.portant. Your ratings, along with the ratings of the other
participants, will be used in defining a low-cost co;.iputer-nanaged and
cor.putcr-assisted instructIcn (CMI/CAI) systei,i for Air Force training.

The followinq paies describe the many functions that a coinputer
could perform in a training systeii. Please read the de, scription of a
function, and then carefully consider what that function could accomplish
in your particular area of training. The question you are to answer,
for each function, is:

"HOW MUCH IS THIS FU\CTION WORTH TO MY AREA OF AIR FORCE TRAINING?"

Payoff potential can cone from any of the following:

0 Reduced training tioe, students get thrOuqh faster;

0 Reduced administrative loaJ on instructors;

0 betc, use of training resources;

0 Improved quality control over students or materials;

0 Improved manageiment/administration of training; and

0 Improved materials developbment prokvss. resultintq in better in-
structional materials and reduced deveIlopment tinw'.

On the followinl paqe. , there are eiq'ht brief qeneral dev,criptions

of various areas in wh ich the computer could provide trainin i support.

Under vac h of th.' ']','n'- 1 ho-, onc;ci;•ti~ :; onet'Ai 4c or.Va S o f
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computer-based training functions are described. You are asked to con-
sider how much each of these might be worth to Air Force training in
your particular area, and to assign a rating of:

1 = Very high payoff potential;

2 = High payoff potential;

3 = Moderate payoff potential;

4 = Small payoff potential;

5 = No payoff potential; and

X = Io opinion - this function's effects would be outside my area,
and I cannot estimate its payoff potential.

If there are functions or features that should be included in a
computer-based training system for your area of Air Force training, and
that are not listed, please describe these on the last page of this
packet.

If you are involved in resident training, then assume that your area
of training would be self-paced before the computer-based training system
is introduced. This is important, because many of the computer functions
could be quite valuable in self-paced training but of little value in
conventional lockstep instruction. Remember, as you assign ratings, that
you are to consid.r the payoff of each function in self-paced training.

If you have any questions, please ask the representative conducting
this survey.
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APPENDIX G

LANGUAGE FEATURES REQUIRED BY THE CAI/CMI FUNCTIONS

Language features were determined by examining the necessary
CAI/CMI functional capabilities from Appendix C and determining a
set of suggested features for accomplishing those capabilities.
The numbers in the "FUNCTIONS" column refer to the Appendix C
listing of CAI and CMI functions. The numbers in the "LANGUAGE
FEATURES" column refer to the listing of features in Section
5.2.3 of this report.

FUNCTIONS LANGUAGE FEATURES

All 1, 2, 4, 5, 6, 7, 8, 10, 11,
12, 13, 14, 15, 17, 20, 21,
22

VA-VC2, VIC3, VIF 3

IA-IVB4, VIAI-VIC, VIF,
VIIAl-VIIA4C, VIIB6-VIIB7 9

18-IB6, VA-VIF, VIIA4C,
VIID-VIIE7 16

IA-IIIC6, VIIAl-VIIA4B,
VIIBl-VIIB7 18

IB-IB6, VA-VIIA, VIIA4C,
VIIB3-VIIB5, VIIB8,
VIID-VIID9, VIIHI-VIIH3 19, 23

VA-VC2, VIC3-VIE6 24

VIC4-VIIA2A, VIIBI-VIIB8,
VIIF-VIIH3 25

VIEl-VIE4 26

!

(Pages 124, 125, and 126 intentionally left blank.)
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1.0 SCOPE

This speci ficatioon establishes th requirements for an operationally
configured, low cost, conmputer-managed instruction (CMI)/co, puter-
issisted instruction (CAI) system. The specification includes those CHl

and CAI functions identified as havingj potential payoff from' at- oper-
ational viewpoint, and excludes "nice to have" or "rich" capabilities for
support of research and development (R&L) and other non-operational
functions.

The system shall be a dedicated local system, rather than a largie
central systei;i serving wore than one Technical Training Center (TTC) or
a system made up of several stand-alone mini-systemics. A iidular approach
to expansion siiall be incorporated into the design, to facilitate such
trade-offs as fewer on-line students in exchangLe for heavier CAI usacle.
and to accommodate increasing memory or mass storage in order to handle
increased loads.

The system, including the on-line CMI/CAI data base, shall be si:ed
to provide operational CMI/CAI support for at least five hundred (bnO)
students per shift for two shifts. Further design assumptioi,s are:
these students are distributed equally across five (5) different courses;
each student averages five (5) CM1 transactions per shift; not more
than 10... of the students will use CAI at any one time; up to nine (9)
administrators (instructors or supervisory personnel) can be on-line
simultaneously; and batch processing is accompl shed oif-shift (i.e.,
during periods of low or no student CAI/CMI load), except for cssential
recovery of lessons which are stored off-line. The hardware system shall
be adequate to provide the functions described in Section 3.0 of thisspecification while ineeting the constraints anti Liss umpti oný described I

above.
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2.0 APPLICABLE DOCUMENTS

A• The following docunmnts, of the issue in effect on the date ef
invitation for bids or request for proposals, formi a part of this specifi-
cation to the extent specified herein. Any reference to the following
documents, by basic number only, in other paragrap'is herein shall be
dee•eid to apply to the issue current at the time of issuance. In the
event of conflict between the documents referenced here and other detail
content of Sections 3.0 and 4.0, the detailed requirements of Sections
3.0 and 4.0 shall be applicable.

2.1 GOVERNMENT DOCUMENTS

tIILITARY SPECIFICATIONS

HIL-1I-46855 Human Engineering Requirements For Military Systems,
Equipment and Facilities

MIL-L-6OSIU Electromagnetic Compatibility Requirements, System.;

MIIL-Q-9585A Quality Program Requirements

MIL-T-23991 Training Devices, Military: General Specification
For'

MILITARY STANDARDS

MIL-STO-785A Reliability Program For Systems and Equipment
Development and Productionl

MIL-STD-130 Identification Marking of U.S. Military Property

4IIL-STD-143B Standards and Specifications, Order of Precedence
For The Selection of

MIL-STD-470 Maintainability Program Requirevwnts (For Systems
and Equipments)

MIL-STD-490 Specification Practices

MIL-STD-08.! System Safety Programi for Systems and Associated
Equipment: Requireiments for

MIL-STD-147?A HLuan Entlineering Desigrn Criteria for Military
Systems, Equipment, and Facilities

1
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3.0 FUNCTIONAL REQUIREMENTS

This Section describes the functional requirements for the low cost
CMI/CAI system.

3.1 STUDENT TESTING AND EVALUATION

The system shall read students' test forms, score tests, provide
each student with feedback on test results, and record the results in an
on-line data base. The test results shall be made available in printed
reports for evaluation and quality control purposes. The system shall
support at least the following types of tests: aptitude tests, lesson
and block tests, performance checks, and attitude measures. The types
of allowable questions shall include at least true-false, multiple
choice, and scalar.

The system shall include on-line and off-line testing. The on-line
testing shall be supported by interactive terminals. Off-line testing
shall be supported by management devices, which shall include optical
mark readers, badge readers, off-line response devices, or other
appropriate devices to acquire input from students and instructors;
printers to produce hard copies of student status reports*; and other
devices as appropriate.

3.1.1 Test Scoring and Feedback Capabilities

The system shall score those tests for which test keys have
been entered into the data base (see Section 3.6). The results from tests
shall be available in printed format for both the student and instructor.
If the test is a pass/fail test, training managers shall be able to specify

ihe pass/fail criteria. The criteria shall include at least the following:
o Answers can be scored either right or wrong, and a designated

percent correct can be required to pass the test.

0 Objectives can be defined within the test and a subset of the
test questions can be identified as relating to each specified
objective. It shall be possible to use a question for more than
one objective.

0 Any objective can be designated as a critical objective and the

test will be failed if the objective is failed.

0 A subset of objectives can be defined, with a minimum number of
objectives from the subset required to be passed in order to pass

* A status report shall be printed as part of each student CMI trans-
action. Each status report shall include appropriate feedback
to the student on the lesson or other assignment just completed,
and shall include appropriate direction as to the student's next
action--lesson assignment, test assignment, etc.
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the test. For example, five objectives on a ten-objective test
can be specified as a subset, and the system can require that
three or more of these objectives must be passed or the test will
be failed.

Test keys and other inforiation required to score tests shall be

entered at an interactive terminal.

The system shall score perfonrance checklists completed by instruc-
tors. Instructors shall be able to certify that a student has either
passed or failed any of the tests, including performance checks, frolm an
interactive terminal or by entering appropriate information via a nianage-
inient device.

3.1.2 On-Line Testing Capabilities

The system shall provide the capabilityw for on-line tesLinl
via an interactive computer terminal. For on-line testing, the order';of
questions and the sequence of alternate answers for each question can be
scrambled automatically for each test administration. The order of the
alternatives shall be either fixed or random as specified by the author*.
The author shall be able to mnake the extent of testing dependent on the
student's responses to earlier questions in the test. A hard copy of tUe
results of on-line tests shall be available from a manageme, nt device on
request. Responses to on-line student test inputs shall be in a real
time mode. The tiKwŽ lapse from transmission of student input to start
of displaying feedback shall not exceed three (3) seconds in more than
10'. of the cases. The tinme lapse frol beginning to completion of the
response shall not average greater than twelve (12) seconds.

3.1.3 Determination of Pre-Course Student Characteristics

The system shall proeide fcr storage and retrieval of .'tudent
characteristics data collected bkfore or at tho t'eiinninq of training. It
shall be possible tU use the stodent characteristics data in exariinintq
eliminations as a function of aptitude and of years and types of pre-
service schooling, and in predicting individual rates of progross toward
course completion. The individuai characteristics infonmation shall be
stored in the on-line CMI data base and shall be available to the CMI
systei as long as the individual is enrolled *in the course.

The systeui shall be capable of storin4l and retrieving the following
pre-course data for all students enrolled in courses operating with this
system:

*NOTF. Within the context of this -p,'cificatinn, "aithor" is used

as d generic term to describe Air Force personnel--super-
visors, maiagers, administrators, instructors--involved with
operating this system and, in particular, with enterinil data
into the systei.
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0 Relevant Air Force personnel data (e.g., ASVAB or AFQT scores,

and such biographical data as previous service traininq 1d1 duty
assignrients);

0 knowledge of Lhe course material based on criterion referenced

pre-tests or other pre-course measures of knowledqe/proficiency
on training objectives;

Learning prccess skills (ability, attitude, or interest measures
such as reading comprehension and study habits); and

0 Course-specific critical entry skills (aptitudes. a'ilities, and

interests that are specifically related to success in a particular
training specialty, such as mathematical ability or interest in
the career field).

3.1.4 Determittation of Within-Course Student Attitudes, and
Interests

The system shall nkike prosision for tests to measure the
atti tudes dnd interests of students. Pre-cou,'se witinn-course, and post-
course tests of attitudes and interests shall )e accoiinodated. The
results of the tests shall be stored in the on-line CMI data ',asu for
use in determining training assignwents, evaluatin-i instructional
materials and procedurcs, predictimn- coupletion times and rates ot pro-
gress, and predicting performance, as specified by training manaiers.

3.2 STUDENT ASSIGNMENT

The system shall assign students individually to lessons, tests. and
other instructional alternatives. The system shall be structured to
allow the training manager to specifv what cowbination of lata on le:,son
characteristics, resource availability, student characteristics, and
student performance will b2 used in determinine the assiugnmentu s of
individual students to training alternatives.

A student shall receive the next individual assigniient ininediately
after completing the preceding lesson. Training resources shall be
scheduled by the computer system to attempt to maximize throughput. The
computer shall track student proqress throuqh the lessons and alternatives
in the various course versions. The system shall provide reports that can,
as desired, replace manual tracking of student progqess bev instructors.

3.2.1 Assignment to Alternative Course Versions

The system shall support course versions which differ as to
content (e.g., for different shredouts of a speci,31ty, or for testing Ind
implementing new training materials). A student enrolled in a particular
course version shall be assigned only the training materials for that
version. The fonn or procedure used to register a student in ., course
shall provide for identifying the student's course and version.
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3.2.2 Determination of the Order of Assignments

The system shall have the capability to determine and assign
the next lesson alternative for an individual student in all modes
except block remediation. The instructor shall not be required to
manually track student progress, or to determine assignments to train-
Ing alternatives, and shall have capability to perform manual override
of any assignment. Based on data in the CMI/CAI data base and subject
to options selected by authors or data base managers, the system shall
be capable of using at least the following information in determining
a trainee's next assignment:

0 The assignments completed by the trainee to date;

0 The performance of the trainee on previous assignments (times and
test results on previous assignments);

0 The availability of the resources required for existing and
allowable lesson alternatives; and

0 The current distribution of students, the numbers of students
required for any team tasks, and how best to assemble teams of
trainees for team tasks.

3.2.3 Assignment to Alternatives Within Lessons

The system shall make individual student assignments to
alternatives within a lesson. These can include alternate media (e.g.,
printed vs. audio-visual) or different instructional approaches (e.g.,
easy vs. difficult). The assignments can be based on at least the
following considerations:

o Availability of the particular media or lesson;
0 Prior test scores, times-to-complete, or other within-course data; e2

0 The student's pre-course characteristics (e.g., general aptitudes,
abilities, attitudes, interests, or other pre-course data);

0 Simplie "if...then" logical rules which may be used to select
alternatives; and

0 Predicted student performance.

Student characteristics and past performance can be used to predict
student performance. The student shall be assiqned to the media orlesson predicted to result in the best student performance. The system
shall acconmodate at least two assignment rules for each lesson--best
predicted tinme and best predicted score--which carl be specified at the
lesson level by an author. If the score rule is selected, the student
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shall be assigned to the treatment with the highest predicted score.
If the time rule is used, the system shall assign the student to the
treatment with the shortest predicted time. If the time rule is
specified and the student is predicted to fail all of the treatments,
the system will use the score rule. These rules will be used only for
a student's first attempt on a lesson. Subsequent assignments shall
be made using remediation ruies (Section 3.2.4). Additionally, resource
availability and system throughput constraints shall override the time
and the score rules.

The system shall support random assignment of a specifiable per-
cerntage of the students to the treatrents within a lesson. If 15'%
random assignment is specified, then a randomly selected 15% of the
students shall be assigned randomly to the available instructional
alternatives for that lesson. The random assignmtent function will be
used in collecting data to establish assignFent rules and to verify
the effectiveness of such rules.

3.2.4 Assignment to Alternative Remediation Activities

The system shall make assignments to the available alternate
remediation materials and media. At least three categories of
remediation shdll be supported:

0 Lesson Remediation - The system shall support alternatives for

use in remediation only. The system shall assign a student to
the "best" available remediation alternative for second and sub-
sequent lesson attempts, with "best" defined to be the one
alternative chosen from available alternatives based on the con-
sideretions listed in Section 3.2.3.

0 Lesson Group Remediation - The system shall assign the best

available remediation alternatives within a related group of
lessons.

0 Block or Course Level Remediation - The system shall assign the

best available remediation alternatives for the objectives that
the student is having difficulty mastering within the block or
course.

The alternate remedial selections shall be acconmplished by the
computer. It shall be possible for instructors to override system
decisions via management devices and from in.teractive terminals.

3.2.5 Test Selection and Assignment

The system shall provide the capability of assigning students
to tests. For each student at each testing point, the sysLem shall
assian an on-line (CAl) or an off-line (paper and pencil or performance)
test, as available and appropriate. If more than one version of a test

134

L~1



is available, the alternates shall be assigned randomly. Any versions
already attempted by the student shall be excluded on subsequent
attempts. Capability shall be provided for manual override of any test
assignment by an instructor. On-line programs shall provide the
necessary data entry capabilities for implementing this function.

3.2.6 Assignment to Supplementary Skill Training at Course Entry

The system shall be capable of identifying those students
with deficiencies in critical entry skills or in learning skill areas
and of assigning students to supplementary or remedial skill training.
The systert shall identify such students based on critiera established
by course managers for performance on aptitude, ability, interest, or
other precourse or within course measures. SUppleo:•entary/rerledial train-
ing lessons shall subsequently be assigned to students in accordance
with hierarchy and resource availability constraints established in the
CMI/CAI data base by course rmnagers.

3.2.7 Additional Resource Management Considerations

Based on information entered into the CAI/CMI data base, the
system-i shall track which resources are required for each lesson, if they
are available, an;d where they are located. Managed resources can include
classrooimi spaces, lesson materials, media devices, work stations,
simulators, and other training equipient. The systenm shall be able to
assign and direct students to training resources outside of their assigned
learning centers, to allow effective sharing of resources by students
in several learning centers.

The system shall assign students in a manner that will (1) tend to
distribute students evenly throughout the course, (2) attem:ipt to keep
as many assignment options as possible open for the students, and (3)
make efficient use of available resources. Students shall be assiqned
to the learninq centers with the hiqhest percentaqes of availible space,
and shall be assigned to blocks in such a manner as to optimize the
distrihution of students across learning centers. In the process, tile
systeiii shall consider team -.ssembly, desired loadings within blocks, and
the capacities of learning centers. These considerations shall not,
however, override the hierarchical constraints or priority given to
each block.

The coriputer systein shall base the above management decisions on date
entered into the on-line data base. Once a course version is operative,
training management personnel shall be required to enter only course
changes as they occur. These include changes in the course structure
(e.g., lessons added or removed, or the prerequisite order of assign-
ment changed), and resource availability (e.'I., new equipment added,
and equipment removed, inoperative or in rdiamtedoL•!. The changes shall
be entered using on-line progras and shall take effect when entered.
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3. 3 STUAXhT PROMIILS MANAGLM[NI

The systein snall suuport i.:analemeiAt of a trainee'sý pro;iress through
a sul f-paced i ndi viduial ized traini iq co~nrso. These CaVa!bili tie, tshall
ran'-e from lesson schedulinug to progrest- prediction dnd management.
Both the student and the instructor can he 'informed, at viny tille, as to,
the studl~nt's pro-jre~ss--a head of, behind, or on schedule.

3,3.1 Schedul ing Student rintries Into The COLIrSc-

At the end of cachi troiljdnq uay, the systei.. shall identi fy
the number of vacincies in each course opcratinq under 'the system. rhi s
information will al low the student sqiadror or other adcuirli strati ye
authorit t 'VIo effecti vel i plan and proqram cuuv:.e entries anid minii-iizze
student deloy a.qaitigg training.

3.3.2 Gra-duation Forecastilo3

The sys t-m shall 1, a-s par', of the student moni tori n) and
manageruent process (Soction 3.3.3), Predict the date on w'hi ch a student
will complete the course. Learrni;ýg center rosters shall be av,-lablie
oil request, and shall identi fy StUdetitt, and their predicted gDraduation
dates during th,- date/time interval speci fied in the training imanager's
request. The ro-ters shall be available in printed form, and for Gisplay
at an interactive terminal . The average response timeI, fvrom1 Submissionl
of a request to coivpletirg printout of a roster, shall not exceed~ two
(2) seconds per student. The system siall also, on request, ýjenerate
graduation reports for- the local traininti center person'nel office.
These reports shall Lie generated on the ceittral site line printer.

The system shall be configured to facilitaze interface directly withIthe training center personnel managemnent computer syst,ými. To loplement
this function, the Air Force will specify the forwat of the data andI ~the mnediuia in which the training center personnel conputer will receive
the required inforwation. Any required changes to the training center
personnel co-,yuter software w~ill be accomplished Ihy Air Force personnel.

3.3.3 Monitoringj and Manageiment of Student Progress to a Target.

Tie syste!m shall deterviine a tarkiet progress rate for each
student. The rate for a student shall be used to generate a targjeted
timie for completion of thý, course and for coopletion of inaividual
blocks. The target progres-s rate for a student s~all be based on prre- 1
course data ,.nd on available within-course perform~ance data. The targets

mhall te relative to a.erage comiipletion times for blocks and course.A
sztudent.'; targ~et completion date shall ti, calculated based on tmie target
progress rate, expected shift length, predicted ddys, Lht Student, w..
be in class, the student's 'erformance record, and the percentage of the
course remiaining. Each student shall have access to his/her target tinie
to complete for each block. Both the student and the instrulctor shall
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receive feedback on the student's actual progress rate relative to
targeted progress rate. The student shall be given information, on
the first status report of each training day, that will let the stuaent
determine how 5ctual progress to date compares with predicted progress.

3.4 SUIPPORT FOR GUIDANCE AND COUNSELING

The system shall provide computer generated reports to support
student guidance and counseling by instructors and course management
personnel. If the necessary tests are included in the pre-course
asressment, the reports shall identify entry skill deficiencies as well
as deficiencies in within-course performance. The instructors will
determine which students are to receive counseling, and can retrieve
from the computer both the background characteristics and within-course
performance infurmation needed to support their guidancc and counseling
activities.

3.4.1 Identification of Students Needing Special Attention at
Course Entry

mhe systew shall identify students predicted to be profi ient
or deficient with respect to mastery of course or training objectives
specified by course personnel. This identification and reporting is
initiated at the beginning of the training process to focus instrtictor/
management attention toward students most in need of special training
prucedures, guidance, and counseling.

The identification process shall produce computer generated lists
of those students measured as being either proficient or deficient on
the basis of their pre-course assessments. This initial listing shall
report, by student, individual scores on the pre-course critical entry
skill variables (e.g., reading, math, or study skills). A second
report shall provide individual scores for all students on those
variables identified as critical entry skills, and shall also flag
deficient stulents and their related scores. These reports shall be
available for display at the interactive terminals.

3.4.2 Identification of Marginal Student Perforimiance

The sy;stew shall produce reports identifying and reporting
students predicted to have difficulty nkisterinr further traininj
obiectives based on recorded within-course performance. The reports
shall be avail ible on deiland and utilized to firect timely remedial/
counseling assistance to students most in need. The system shall be
capable of assigning those students identified, s marginal to
specialized rwmedial training (e..., to special instructor tutorials,
remediation sessions, or special skill trainin9 for correcting learning
or study scill weaknesses).

Th¶' system- !enerated reports shall include a list of thesL• students
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not meeting predetermined liimits of satisfactory predicted progress
rates, or scoring below the training manager's criterion levels for
training ohjectives. They shall include actual time ahd score data.
The students below the course-established minimum;is for acceptable' per-
formance will he flaqged as possible candidates for elimination or
other established adniiiistrative action.

3.5 CCOMPUT[R-AIDED INSTRUCTION (CAI)

Lesson materials can be entered into, stored in, and retrieved and
delivered by the coLIputer system. When assigned by the systeni and
requested by the student, they can be displayed at an interactive terminal.
The lesson materials can include text, questions, graphics, and special
purpose programs. Student interactions can range from a simple "turning
the pages" type of program through very sophisticated interactive
exchanges via special purpose programs. Student interactions are
principally vid a terminal keyboard and, if appropriate, via a touch
panel, light pen, or other device.

3.b.1 CAI Applications

The CAI provided by this system s.hall .support at least the
following five CAI functions for use in Air Force resident technical
training:

0 Drill and Practice, with correction and guidance, of basic skills

and knowledges learned via other medii;

0 Tutorial--use of CAI for lessons which are particularly difficult;

0 Simulation--use of snecial purpose programs to simulate equipment

operation or maintenance processes;

0 Review and Remediation--use et CAI to quickly review the content

of a block prior to a block test or to rnwediate failed ol,jectives
following a block test failure; and

0 Study Skills--use of CAI to teach specific study skills to students

who are deficient in these areas.

3.5.2 CAI Capabilities

A CAI lesson shall consist of a series of fraims, or equiv-
alent means of storing and presenting information. The system shall
support at least the following types of frames, or their oquivalents:
text frames that can contain at least 4 pages of information (a page can
contain at least 21 lines); qurstlon frames; and documentation frffmi ei
which the student cannot access. The documentation frames are reserved
for course authors to record development status data. The system snall
provide for at least 100 objectives per lesson and 100 frames per
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objective.

The system shall support CAT lessons of varying levels of sophis-
tication. The ba8ic CAI lesson will consist of text presentation, and
will allow response to multiple-choice and true-false questions via a
typewriter-like keyboard. The system shall be able to provide feedback
messages specific to the individual student's responses and number of
attempts on the current objective. The system sha!. also allow branching
to any available frame addressing the current objective, or to the first
frame of any other objective within the lesson. The lesson progression
shall be adaptable to the student's responses. The branching selection
shall allow branching to any available frame addressing the current
objective or to the first frame of any other objective within the lesson.
The lesson proqression shall be adaptable to the student's respon_;es.
The branching selection shall be based on the student's prior responses/
performance within the lesson.

For iixre sophisticated CAI lessons, the system shall support
graphics presentations, color displays, student entry of constructed
responses (open-ended English answers), control of supplemtentary slide
or filmstrip presentations, control of audio tapes, and adaptations
based on the CMI on-line data base (e.g., ASVAB or AFQT scores, pre-
course assessments, and within-course pprformance data). The system
shall support the audio tape player and the projector via an external
computer-controlled jack on the interactive terminal. To facilitate
student interactions in these CAI lessons, the system shall suoport the
usual keyboard inputs and shall also support an additional device such
as a light pen or touch panel. To facilitate preparation of qraphic
displays, the system shall support a digitizing tablet or equivalent
device,

The system shall have the capacity for on-line mass storaile of a
minimum of lbO lessons, available for iniunediate access. The lessons
are assumed to average three objectives per lesson, 60 frantes (or
equivalent) per objective, 2 pages per framn, and lb lines per pagle
(averaqe line length, 60 characters). Lessons in daily use shall be
available on the svqtem at all tines, with no more than a ten (10) second
delay in initiating student access. When a student has indicated comi-
pletion of a frame, the average tine for the systom to determine and
initiate the next display shall not exceed three (3) seconds. The
averaie time to complete the display shall not exceed twelve (1?)
seconds.

Inactive lessons which are stored off-line shall be recoverable for
normal on-line accessibility not later than the start of the next traininq
day following the request for restora.tion.

3.5.3 On-line Learning Process/Speciali;ed Skill Trairi,,!l

The CAI system shall support presenta tion, to either tud(Ients
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or instructors, of speci allized traini n~i in inter'active formats. Thi s
trai ninq may' inclutde, for example, materials desi qned to teach sttidy
haM ts and skills, test takinq skills, and nentor'i zt~iof skillis to
students, or to teach diagnosti c, tutorial , iiuthorinq or counseling
skills to instructors.

3.0 CMI DATA 13ASE AND CAI MATERIALS PRODUJCTLION AND MA1INTUINACL

To effecti vely perform CAI/CMI traininoi functions, the sys ten
must he informed As to the tra inces (name,$ sociA 1 securi ty nuniber,
course, etc. ), the course ; tructure (tests, lesson", resouirces , allIow-
ciblIe s uquences o f levss ors, etc. ), and s tuden t pe r formantcev (lIess onls
comup 1 e te(1, tes t s cores w i th i ni the cotirren t bl 1oc k , blIoc k compf levt ionl t i 111's
etc. ). In the case of CAI. all (if- tile lvs..on inforarttion (text,
(Juestions, gr'aphics, branchil nq] instructions, etc.) must be stored wi th-
in the comtpu te r sys teti. The fo 11owi nq pa raqra phs dcst. ri bc tile

requi1remenits for enter in~j , s torinqi, and m n ta in inq theme tpes of
in fort ati on.

0b. 1 CHIi Course Detfiniition Data Dasc

ihe Sys tenm shal1 provide the caplabi lities Which will atllow
tra ining m a na ¶!Crsý to en ter thecol e C S s trUC ture in to th' :yst m 1 he
prooratt( s) shall1 run on-1 inc--i .e. , a t ral ni mlianaqler shall be able to
utse anr inttera(:ti ye terminal to directly enter-, storeý, display, and chaliqe
course' related information. To lac iiiL taeuse, thle on-li no systoni11 sholl
use graphics to di spla ' the course structure (0 e thle Allowabl~e paths,
throuoh the less on ma teridId1S ), and there shallI he an on- line ca pabil1ity
to Access each file in the CAI/CMI da ta bas-,e. Add it ionalIly . i I.shai 11 no t.
be nlecessary for authors to be fati Iharl wi th any poqjrnun F1it] Ianquatr'
in order to use thieso capabi I i ties ef fecti vely.

3. b. 2 Automatic Validation of Course Data [Baste lnteqri ty

Dbefore a new course or Course vc'ri-on is, imtpleitevntvd,
necessary information/description relat ive to all of thle blocks, lessons,
courseware, and tests in the course Miust be entered into the data base.
The sys temi shall i ncl1ude one or more compIuter proortie.11 for d terilini nInq
if all required data base records defininq the course are present and
cons i stent. The proqiram( s) shall he des itqued to fac 1iitat e u~so by
authors and shdll niot requirC knowiedqle of a irot r*0111tinq( lanquaqe. To
thle greatest ex tent pos si ble , the proqIramn(s ) s hal 11 pdate the on -lin eI ~ ~~data base , i f th is c apab Iiity is enabled by the I ra i ninq tuana qer. Tile
proritia( s ) shall run in niot miore than fifteen (1')) tul inutes ill val idatilno
the data base for a course.

3.6.3 Produiction of On-Line Tests

i ng. This shall be imlmne ~Vi al onln tos ite v r t--
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equivalent capability, for entering test questions, their alternatives,
and the necessary control information. This capability shall allow the
author to enter test items by typing text at an interactive termidnal,
and shall also format the questions fcr the author and allow the author
to decide whether or not to (a) randomize the presentation order of
the test items and the alternatives within test items, (b) control the
number of attempts the student can make on each item, and (c) enter
student feedback messages to follow either correct or incorrect answers.

3.6.4 CAI Authoring

The system shall provide an on-line CAI authoring editor, or
equivalent capability, which shall assist in structurinti the authoring
tasks. This capability shall provide standardized formats for text and
question frames, and shall provide the capability to copy or share text
framnes, questions, and graphics between lessons. A users manual shall
be provided for the CAI production process. Additional instruction shall
be displayable during the authoring process via a HELP reuuest. The
HELP information shall include operating instructions for the program,
plus guidelines for preferred instructional practices. This capability
shall be simple enough that an author without prior programiinq
experience can learn to use it in not more than two weeks. An author
shall have access to any frame in any lesson that is allowable within
system security constraints. Students shall not be able to access
lessons in the author mode. Additionally, the pro'iram(s) shall provide
capability to readily change anj of the course materials ,,iored in the
on-line data base.

3.6.5 Production of Off-Line Materials

"It shall be possible to use the systemn in producinq tests
and instructional materials which are intended for use off-line (e.g.,
progranmied texts). Protirams shall be designed for use in writinti,
reviewing, and revising the tests and instructional materials and for
printing the final product in a format rEady for reproduction. It shall
be possible to print a liwited number of copies in order to facilitate
early reviews and small group tryouts. This system capability shall
also facilitate zonductinq small group tryouts on-line, and shall be
useable for acquirinq information on the students' reactions to in-
structional materials.

3.6.6. Production and Maintenance of Course Documents

An interactive capability similar to that provided for test
items and CAI authoring shall he provided for developien, storin(1, main-
taiing, and retrievinq course documentation such as Plans Of Instruction
(POls), course charts, and lesson outlines. These documents shall be
available at any time fot review or rpvision. and limited nuibers of
copies can he printed as needed.

t l r 2Zl],



3./ INJFORMATION RETRIEVAL AND REPORTS

Information relative to the trainee.*,, courses, course materials,
tests, test items, and other components of the syster, shall be stored,
and available for periodic (hourly, daily, weekly, monthly...) analyses
and reports. These functions are intended principally t0 support in-
structors, managers, and administrators. They can be valuable to in-
structors involved with course manageiwent and student guidance. TheI
can also he valuable ir providing an effoctive quality control mechanism
for inmroving the management and administration of training, and
evaluaring and improvinc the process of training pronran development and
inplementation. A report requested at a tenminil shall be provided to
the renuester only if security requirements for access to the r,:miested
information are s:. 'ied.

3.7.1 Reports for Instructors

Data shall be collected, stored, and mnide available in
reports structured to meet instructor needs. The reports shall include
but not necessarily be limited to the following: student rosters,
individual block progress reports, individual biographical reports, and
absence sum1maries for learning centers. They shall be availiTble via
either the interactive t•"- vials or in printed form. The instructor
shall also have access the terminals to dll other student data not
included in the above ....ine reports, but subject to established security
constraints.

3.7.1.1 Learninq Center or Classroom Rosters. The systen•

shall provide, on request, via either an interactive terminal or in
printed form, at least four types of rosters: resource, assionIment, time
management, and homework. The rosters shall include social security
nurmibers and names for the students included on the list. The resource
roster will list those students in the learning center who have resources
assigned to them, the types of resources, and the learning centers to
whic the resources are assigned. The assignment roster will list the
current training activity assignment for each student by learning center.
The time management roster will include carrel (or position) number,
absence status, current block, and rate of progress for individual students
by learning center. The homework roster will identify the amount of the
course completed to date and the proportion completed through voluntary
homework for individual students by learning center. After the terminal
has transmitted a roster request to the central site computer, thie
average processing time per student shall not exceed one (1) second.

3.7.1.2 Inaividual Block Progress Reports. The individual
block progress report will s.nmiarize student progress for the block
"specified. The information in t!',e biouk progress report shall include
at least the following:

0 l.essons completed in the block;
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0 Numbers of attempts, and scores on each attempt, for each lesson
and test;

0 Objectives failed on each test; and

0 Time spent on each attempt and total time spent in the block.

3.7.1.3 Individual Student History Reports. The individual
student history report will include the student's scores on pre-course
aptitude and interest measures, scores on any critical entry skill tests,
time spent in remediation following a block failure, and any lesson
objectives that were failed more than twice.

3.7.1.4 Absence Summary. The absence sunmary shall be a
block-by-block sunciary of the absences reported to the system and shall
be capable of replacing manual absentee reporting. It shall indicate
when the student was reported absent, when the student returned, how
long the absences lasted, and the reasons for the ahsences.

3.7.1.5 On-Line Display of Student Data. Capabilities shall
be provided for retr.?val and display of available student information in
response to requests which meet security requirements.

3.7.2 Training MFtnageient Reports

The following informatir.,, intended for use by training
managers (shift supervisors and ilt.ve), shall be provided in the form
of standard reports available on request to authorized users:

0 Students awaiting training, by course;

0 Numbers of students in training by course, learning center, and

Technical Training Center;

0 Distributions of completion times for individual blocks;

0 Distributions of course completion times;

0 Differences in student performance between parallel learning

centers* or Technical Training Centers;

0 Instructional resource (e.g., facilities and training devices)

utilization;

0 Utilization and qualifications of instructors;

* Learning centers arc "parallel" if the same course content is
taught in the centers, and are not parallel if the centers teach
different content.
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o Summary reports of student completion times and final grades, by

block and course; and

0 Surmvary reports of disenro'llrent and elimination data.

3.7.3 Course Evaluation Sutmnary

The system shall include a Course Evaluation Suiit;tary (CES)
which sunu'.arizes student performance on individual lessons within blocks
and for entire blocks. It is intended for use in monitorinq and
evaluating small-group tryouts of new materials as well as student per-
fornknce on established coateorials. The C. ES shall contain at least the
following items of information:

0 First-attempt lesson and block test socres;

0 Final lesson and block test scores;

0 Means and standard deviations of first-attempt lesson and block

test scores;

0 Means and standard deviations of final lesson and block test

scores;

0 Means and standard deviations of first-attempt lesson and block

ti es ;

0 Mteans and standard deviations of lesson and block completion

ti mnes ;

0 Separate score and time data for alternative imodules within

lessons;

0 Score data by objective within lessons;

o First-attempt lesson failure rates;

0 First-attempt objective failure rates;

0 Correlations indicating the relationship between predicted and

actual lesson and block times and scores; and

0 Suninarized data on lessons, modules and objectives with first-

dttempt failure rates above a specifiable percentage.

The CE3 shall be a vdtch mooe report.. An on-line program shall be
provided, however, for submitting requests for the CUS for off-shift
processing.
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3.7.4 Test Item Evaluation Report

The system shall provide a Test Item Evaluation (TIE) report
that provides detailed information on the characteristics of block and
lesson tests. The TIE is intended to support evaluations of test
reliability and validity. The TIE shall include at least the following
items of information:

0 The numbers (or percentages) of students selecting each alternative
answer to test questions;

0 Percentages of students answering questions correctly;

0 Average test score of students answering each question correctly;

0 Flagging test questions missed by over 70 percent or by none of

the students;

0 Item-remainder correlations for each question;

0 Heans and standard deviations of scores for each objective ard for

each full test;

0 Distribution of scores on the full test;

0 Alpha reliability coefficients for each objective and for the

full test; and

0 Criterion-referenced reliability coefficients for each objective

and for the full test.

The TIE shall be a batch mcde report. An on-line program shall be
provided to submit the report requests for off-shift processing.

3.7.5 CAI Evaluation Data

Detailed quality control and evaluation data shall be
collected by the CAI system. This information shall include at least
the following items:

0 Percentages of students selecting each alternative on each
question, by attempt nunber (first attempt, second attempt, etc.);

0 The means and standard deviations of times to respond to qupstions

and times to read text passages;

0 Lists of unanticipated responses to constructed response

questions;

0 Lists of open-ended student conmments reqardingl the CAI lessons;
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0 Detailed records of students' paths through CAI lessons; and

0 Sunimary statistics on major units of CAI lessons, such as times

to complete and cumulative scores.

This inforiation from CAI lessons shall be available to authorized
requesters in batch mode reports. An on-line program shall be provided
to submit requests for off-shift processing of these- reports.

3.7.6 Course Development Management Reports

The program or programs provided for use in developing on-
line and off-line tests and materials shall also capture and store in-
formation regarding an author's work using the editors, and the status
of the associated course material development effort. This information
shall be summarized in management reports for monitoring courseware
development, production, review, revision, and implesientation. The
reports shall include such information as identification of the author
responsible for developing, reviewing or revising a lesson, how much time
has been expended on a particular task, how much of the task has been
completed, and the expected (i.e., scheduled) colpletion date.

3.7.7 Performance Forecast Reporting

The system shall include a report which describes a student's
performance levels in completed technical training. This information
is intended principally for a student's supervisor in a post-training
duty assignment, and for Field Training Detachment (FTD) or On-the-Job-
Training (OJT) managers who need reports of individual student perfor-
mances (e.g., scores and tims to complete) in resident technical trail-

ing or other in-service training.

3.7.8 Special Purpose Reports

Because standard reports will not always satisfy all manage-
inent and administration requirements, the system shall include an open-
ended information retrieval system that can be used to answer ad hoc
queries regarding students, materials, and training effectiveness. The
user shall be able to specify the variables which he wishes to examine,
e.g., types of students or courses by specified time periods. The
output shall consist of the number of pertinent cases identified and the
mean, standard deviation, and range for each included variable. This
basic data retrieval program shall also be interfaced to one of the
standard packages of statistical programs such as the Statistical Package
For The Su:Ial Sciences (SPSS) or the BMD Biomedical Computer Programs,
to permit extensive analysis of student data. This data retrieval/
analysis capability shall be a batch mode function. An on-line program
shall be provided, however, for submitting requests for off-shift pro-
cessing.
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4.0 HARDWARE REQUIREMENTS

A computer hardware system shall be provided to support the instruc-
tional, administrative, and management functions required by Section 3.0
of this specification. The system shall consist of commercially avail-
able equipment with the capability for handling the types and nur.bers
of jobs specified in Section 3.0. The hardware components provided for
this system shall meet the general intent of Military Specification
MIL-H-46855, Military Standard MIL-STD-785A, Pnd of the other documents
listed in Section 2.0.

The computer system shall provide a capability for modular buildup
to the terminal configuration necessary to meet the functional require-
nents and assumptions in Section 3.0 of this specification. The system
shall operate on-line for two eight-hour shifts, five days per week.
Batch operations will be carried cut during the remaining hours or
during weekends.

4.1 MIIFPAAME AND PERIPHERALS

The centr61 c(mFuter system (i.e., mainframe and peripherals in-
cluding any conviurications network processing unit) shall be clustered
and housed in a room as centrally located among classroom buildings as
iý practical. This room shall be a central point for printil•g C1!1i
records and administrative reports and for performing software main-
tenance.

The central system shall represent the minimuw configuration con-
sistent with meetinj the requirements of this speJfication. High spe'ed
communication between two or more processors of the sarie wake and model
shall be possible, to allow for future expansions that mih(jt require
multiple central processors. Considerotion shall be given to selecting
a computer that does not require such special environmental conditions
as chilled water and huindification. Sufficient air concitioniny and a
raised floor shall be installed with tne system.

4.1.1 Central Processor

The processor shall be capa.ble of siniultanecuslv supporting
at least the number of student, rmanageient, and administrative ter:tiinals
or other devices needed to meet the functional requireiixnts of Section
3.0 above. To support routine software operations, sim|ple on-line source
prograr. editing operations such as line insertions, deletions, and
replacements shall be acccmpli~hed in an averoge response tiOe of not
more than one( 1) second, arid more complex on-line operations such as
file I/0 shall be accoiplished in an average response timue of not more

* than three (3) Neconds.

An instruction set supporting at least inte-ger and floating point
arithmetic, string, character addressing, br'anching, logical, looping,
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and assign,:ient operations shal', be provided. Instructions ur graups
of instructions shall also be availab, to iiplement array subscripting
and record addressing.

At least the following peripheral devices shall be attachable to
the central processor: high speed mass stora¶ue devices, off-line storace
devices (e.g., tape drives), line printers, and an operator console. It
shall be possible to ddd central m~emory expansion units to the processor
without degrading the services offerec. by the operational system.

A capability for validating data fcllowing transfers shall exist,
to insure that transfers are successfully and correctly accomplishe.i.

The processor shall be capable of supporting hatch processing, out
not necessarily wiile supporting on-line CAI and CMII operation.

4.1.2 Central Memorj

Sufficient central remory shall be provided to support the
terminals and produce the response tiines dictated by the functional
requirements of Section 3.0) above and by Section 4.1.1. Anj type of
central memory (e.g., core, MOS, bipolar) shall be acceptable, provided
the required response times and validation requiremenLs are satisfied.

4.1.3 Mass Storage

Mass storage shall be provided to support the instructional
programs and data required by Section 3.0, and the systeil programs and
data. There shall be at least two mass storage devices, to provide backup
in the event one device malfunctions. The mass storage transfer rate
plus overhead shall be sufficient to accomplish the required response
times.

Channels attached to the mass storage devices shall be capable of
accoraplishing input/output (I/0) transfers at sufficient rates to fulfill
the response time requirements of Sections 3.0 and 4.1.1.

4.1.4 Off-line Storage

Off-line storage shall be provided to support the functional
requirements of Section 3.0. For backup and reliability purposes, this
storage shall be accessible via at least two off-line storage devices.

The off-line units shall be accessible for backing up information

from on-line storage dpvices and fnr rpcovering info:'ratic. which ha, heen

temporarily stored off-line to lessen the on-line MdSS storage require-
ments. Off-line storage shall be sufficiently accessible to fulfill the
requirements for recovering archived CAI lessons (Section 3.5.2 above).
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4.1.5 Central Site Printing

Capability shall be provided for printing such information
as classroom rosters, course evaluation summaries, test item evaluation
summaries, selected student information, CAI reports, on-line and off-
line course materials, software programs, and computer maintenance
information. One or more central site line printers capable of printing
the 128-character ASCII set shall be provided. With an even distribu-
tion of all characters, a minimum rate of 500 lines/minute (123
characters per line) is required.

4.1.6 Computer Monitoring

A method and equipment shall be provided to furnish com.aputer
status and peripheral device information, initiate diagnostics, and
generally monitor and control the operation of the entire system.

4.2 COtMMUNICATION SYSTEM

Conmunication hardware and software sufficient to allow remote or
local operation of the terminal system specified in Section 4.3 below
shall be provided. Standard protocols, electrical interfaces, and data
rates shall be used throughout. This communication system shall be
capable of supporting the mix of terminal capabilities specified in
Section 4.3 and the response requirements of Section 3.0 of this
specification. The conmmunication system shall be modularly expandable
beyond the minimum nunmer of terminals required in this specification
even though the software and hardware system is initially configured
for that number of terminals.

4.2.1 Computer/Network Interface

The network processing hardware at the c3mputer site shall
be able to transmit data to and receive data from the total number of
terminals required by this specification, and the electrcnics shall be
modularly expandable to handle additional teriinals.

The computer electronic ports for system terminals shall meet
industry-wide standard interfacing requirenents. The network processing
ec4uipment shall have the capability of detecting and correcting trans-
fer errors on characters and control codes received from the terminals.

For transmitting data between the computer and terminals at
locations remote from the central site, the most cost effective method
shall be provided.

4.2.2 Network

The network shall consist of dedicated voice grade lines,
configured to provide the data rates needed to satisfy the functional
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requirements of this specification. "
4.3 TERMINAL SYSTEM

The terminal system shall be composed of a mix of types of
terminals and other devices that includes:

(1) alphanumeric, graphics, and color display types of termninals
for students and administrative use; and

(2) ronagement 1/0 device:. to provide the required CMI functionalA
capabi 1ities.

This compatible set of devices shall be located in or near class-
rooms, and shall he capable of remote operation with the central
coi pu ter.

4.3.1 General Characteristics

All display tczrmin~ls selected Shall have the electronic,
display, and keyboard characteristics as listed in Sections 4.3.1.1,
4.3.1.2., and 4.3.1.3 below. Management devices shall conforii to Section
4.3.1.1.

4.3.1.1 Electronic Chairacteris tics. Each terminal shall be
capable of sendin.1 and rect-ivinq dita at selectable industry-standard
rates. Transmissi on shall be via an i1nd.LJtry-Standar'J i oterface.
Terminals or associated coiiviunications, vquipnitnt shall have at least
the capability of detecting validation errors on single incomiing alpha-
numeric and control charicters,, wi th all control codes and character
codes conformiing to industry standards,. Any ter:.inal s;hall be
electronically interchangeable with anY other at any coriirlunications
port.

4.3.1.2 Display Characteristics. Each display- terininal
shall provide at least 24 lines of display, with 64 characters or oo~re
per line, on a screen of dt least 12 inches diagjonal measuremenit. The
96 character ASCII set, consisting of tipper and lower case alphabet,
numbers, and punctuation shall be available. The cursor shall be
controllable so that it can be located to any position on the screen.
BulK erase capabilityv shall be provided.

4.3.1.3 tKe~boar*G Characteris tics. The keybhoard on eachi
display temidnal shall bo in the standard QWERTY forniat for Alp'-habtic
characters, withn~ihr dild punctuation ke ' s also available. All key's
must be plainly/ and perm~inentlY marked to i~lenti f:, characters and/or
functions controlled.



4.3.2 Student and Administrative Terminals

A mix of alphanumeric-only, alphanumeric/graphics, and
alphanumeric/graphics/color terminals shall be provided for student and
administrative use. The numbers of terminals of the various types shall
be sufficient to provide the functional capabilities described in Section
3.0, and shall meet any additional requirements imposed by character-
istics of the Air Force-designated courses to be implemented on the
system. Ar external jack for controlling a device such as a slide pro-
jector shall be provided, if course characteristics indicate that such
a device is instructionally desirable. The resolution provided by
graphics terninals shall be sufficient to accor.nodate the course
materials to be implemented. Color terminals shall provide at least
eight different cclors, including black and white, with color available
fzr foreground letters and fiqures and for background. An option to
fill colors within graphics polygon boundaries is desirable. In addition
to the keiboards provided for student and instructor interactions, the
system shall Also support a device such as a light pen or touch panel,
to facilitate interaction with graphics Jisplays. To facilitat.e pre-
paration of graphics displays, the 5ystem shall support a digitizing
tablet or equivalent device.

4.3.3 Management Devices

Management devicesz in types and rumt-i- sufficient to satisfy
the CMI requirements described in Section 3.0 shall be provided. As
necessary to meet the instructional and administrative needs, these shall
include devices to read forms, to print student assignm'ents and class-
room operations reports (such as rosters, absence reports, ani regis-
tration data), and such other devices as may be required and cost
effective for the designated installation site.

4.4 RELIABILITY

An effective reliability program shall be established and maintained,
within the general intent of MIL-STD-7B5A. This proqram shall include
failure reporting and design changes to correct pattern failures. The
program shall be adjusted to suit the types of procuremient and equip-
ment, and shall be directed toward maximizing the mean time between
failures (MTBF) for individual equipment items. System reliability shall
be sufficient to meet the availability requirements of Section 4.6.

4.5 MAINTAINABILITY

A maintainability program snall be established, within the qereral
* intent of MIL-STD-470 This program shall incorporate a maintenance

concept, intended to i ninimize the mean time to restore (MTTR). System
fMTTR shall be suffIcient to meet the availubility requirements of
Section 4.6.
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4.6 AVAILABILITY

System availability shall be defined as follows:

System Intrinsic Av'ilability It MT8F / (MTBF + MTTR)

where MTBF is defined as the system mean time between failures (i.e.,
the MTBF resulting from combining the MTBFs of all the individual equip-
ment items), and MTTR is defined as the mean time to restore the system
after a failure to any equipment in the systerh.

The System Intrinsic Availability for the low-cost CAI/CMI system
shall be at least 0.98.
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